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PREFACE, 

Under  a  cooperative  agreement  between  the  Bureau  of  Mines,  the 
United  States  Geological  Survey,  and  the  United  States  Bureau  of 
Standards,  a  study  of  the  stone-quarrying  industry  of  the  country 
was  begun  in  1914.  As  a  result  of  the  investigations  conducted,  a 
series  of  reports  dealing  with  various  phases  of  stone  quarrying  are 
being  published  by  the  Bureau  of  Mines.  The  first  publication, 
"Safety  in  Stone  Quarrying,"  Technical  Paper  111,  appeared  in 
1915,  and  was  followed  by  "  The  Technology  of  Marble  Quarrying," 
Bulletin  106,  in  1916,  and  by  "  Sandstone  Quarrying  in  the  United 
States,"  Bulletin  124,  in  1917.  Because  of  the  wide  demand  for  the 
reports  already  published  and  for  others  of  similar  type,  additions 
to  this  series  will  be  made  as  rapidly  is  the  necessary  data  can  be  pre- 
pared. The  present  report  deals  with  the  quarrying  of  rock  for  ce- 
ment  manufacture. 

The  Portland  cement  industry  has  attained  such  magnitude  in  the 
United  States  during  recent  years  that  a  report  covering  the  quarry- 
ing of  the  raw  materials  of  cement  will,  it  is  believed,  be  of  value  to 
the  industry.  The  enormous  increase  in  the  use  of  concrete  for  build- 
ings, roads,  bridges,  dams,  retaining  walls,  and  many  other  purposes 
has  resulted  in  a  vast  production  of  cement.  About  the  years  1907 
and  1908  such  heavy  demands  were  made  upon  quarries  producing 
the  raw  materials  that  the  introduction  of  large  and  powerful  quarry 
equipment  became  imperative.  Since  then  the  wide  use  of  such 
equipment  has  revolutionized  quarry  methods.  Consequently  this  is 
an  opportune  time  to  investigate  eflSciency  and  safety  imder  modern 
conditions  of  operation. 

Becent  rapid  advances  in  the  construction  of  concrete  ships  un- 
doubtedly gives  added  impetus  to  the  cement  industry,  and  tends  to 
increase  further  the  demand  for  greater  efficiency  in  quarry  operation. 

Mr.  Bowles  personally  visited  64  of  the  largest  cement  plants  in 
the  United  States,  from  Oklahoma  eastward.  The  results  of  his  in- 
vestigations comprise  the  major  part  of  this  bulletin. 

In  the  Bureau  of  Mines  bulletins  dealing  with  the  quarrying  of 
marble  and  sandstone,  the  necessity  for  careful  blasting  is  strongly 
emphasized,  as  the  production  of  sound  blocks  is  desired.  In  quarry- 
ing rock  for  cement  manufacture,  however,  the  rock  must  be  broken 
into  fragments  that  can  be  easily  handled,  hence  it  is  important  to 
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obtain  a  maximum  of  fracturing  with  a  minimum  of  explosive.  Ef- 
fective blasting  is,  therefore,  one  of  the  most  important  subjects 
dealt  with  in  this  publication.  It  involves  the  diameter,  distribution, 
and  depth  of  drill  holes,  size  and  nature  of  the  charge,  method  of 
firing,  quarry  conditions  that  influence  blasting  methods,  and  vari- 
ous other  factors.  Mr.  Bowles  presents  many  examples  of  actual 
blasting  results  and  their  controlling  conditions. 

During  recent  years  high  wages  and  the  scarcity  of  labor  with  a 
greatly  increased  demand  for  cement  have  resulted  in  important 
modifications  in  general  quarry  methods.  The  modern  tendency  is 
to  use  labor-saving  machinery  and  methods  wherever  possible.  As 
a  result  the  method  of  drilling  small  holes  close  together,  shooting 
down  the  rock  in  successive  benches,  and  loading  by  hand  has  in  most 
quarries  given  way  to  steam-shovel  loading  of  rock  thrown  down  in 
great  quantities  by  large  blasts  in  churn-drill  holes. 

Certain  operators  who  still  retain  tripod-drilling  and  hand-load- 
ing methods  claim  that  changing  to  churn  drills  and  steam  shovels 
would  require  too  great  an  outlay  of  capital.  The  facts  brought  to 
light  in  this  investigation  indicate  that  as  a  general  proposition,  if 
the  necessary  capital  is  available,  it  is  more  economical  to  scrap  the 
old  equipment  and  purchase  modern  machinery  than  to  attempt  by 
antiquated  methods  to  compete  with  modern  plants. 

Other  cement-plant  operators  having  quarries  of  variable  rock 
claim  that  the  maintenance  of  a  proper  mixture  requires  tripod 
drilling  on  low  benches  and  selective  hand  loading  of  the  rock. 
By  considering  every  phase  of  this  problem  Mr.  Bowles  makes  it 
clear  that  in  most  instances  this  claim  is  invalid.  Through  the 
application  of  methods  now  in  successful  operation,  or  a  combi- 
nation of  these  methods,  a  uniform  mixture  may  be  maintained  and 
the  most  modern  quarry  methods  be  employed. 

Methods  of  transportation  within  quarries,  and  from  quarries  to 
crushing  plants,  are  discussed  in  detail,  and  many  improvements 
are  suggested.  The  chief  features  reflecting  inefficiency  are :  Needless 
complication  of  trackage,  especially  in  quarries  with  multiple 
benches;  haulage  on  excessively  heavy  grades;  the  combination  of 
too  many  different  systems  of  transportation  in  a  single  quarry; 
and  excessive  rehandling  of  rock. 

No  attempt  is  made  to  discuss  problems  connected  with  manufac- 
turing processes  except  insofar  as  they  are  related  to  quarry  methods. 
The  method  of  mixing  the  raw  materials  in  order  to  obtain  the 
proper  proportions  of  the  constituents  used  has,  in  many  instances, 
a  marked  effect  on  the  quarry  method,  and  consequently  this  par- 
ticular phase  of  cement  manufacture  is  discussed  at  considerable 
length. 
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Many  cost  figures,  obtained  through  the  kindness  of  quarry  oper- 
ators, are  given,  with  the  principal  controlling  conditions,  to  aid 
quarrymen  in  judging  the  efficiency  of  the  methods  they  use  as  com- 
pared with  results  obtained  by  others. 

In  the  type  of  quarries  considered  in  this  publication,  quarrymen 
are  subject  to  many  dangers.  The- discussion  of  safety  problems  is 
not  confined  to  one  separate  chapter,  but  wherever  machines  or 
methods  are  discussed  the  dangers  involved  are  considered  and  the 
best  means  of  minimizing  such  dangers  are  pointed  out. 

Charles  L.  Parsons, 
Chiefs  Division  of  Mineral  Technology. 
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INTEODUCTION. 

As  the  preface  states,  this  bulletin  is  the  fourth  of  a  series  of  re- 
ports by  the  Bureau  of  Mines  on  different  phases  of  quarrying  in  the 
United  States.  The  first  part  of  the  bulletin  describes  the  chief  types 
of  cements,  the  growth  of  the  cement  industry  in  this  country,  and 
the  character  of  the  raw  materials  used.  The  bulk  of  the  report  deals 
with  quarrying  methods  and  equipment,  and  gives  especial  attention 
to  drilling  and  blasting;  a  chapter  on  rock  mining  and  one  on  pros- 
pecting are  included.  Methods  of  manufacture  are  mentioned  briefly, 
as  that  subject,  except  as  related  to  quarrying,  lies  outside  the  scope 
of  this  report ;  but  transportation  methods  and  the  effects  of  the  man- 
ner of  mixing  the  materials  at  the  quarry  or  crushing  plant  on 
quarrying  methods  are  discussed. 
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HYDRAULIC  LIMES  AND  CEMENTS. 

The  presence  of  lime  mortar  between  the  stones  forming  the  ruins 
of  an  ancient  temple  on  the  island  of  Cyprus  indicates  that  even 
primitive  man  recognized  the  advantage  of  using  some  type  of 
binding  or  cementing  material  in  building  stone  structures.  Lime 
mortar,  as  far  as  is  known,  was  the  first  material  to  be  used  for  this 
purpose.  One  by  one  other  types  of  mortars  and  cements  were 
invented. 

The  chief  types  of  cements  now  used  are  hydraulic  lime,  natural 
cement,  puzzolan  cement,  and  Portland  cement. 
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HTDKATTIIC  IIHE. 

Hydraulic  lime  is  the  product  of  burning  an  impure  limestone 
that  carries  so  much  lime  carbonate  in  proportion  to  its  silica  and 
alumina  content  that  the  burned  product  will  contain  considerable 
free  lime  in  addition  to  the  silicates  and  aluminates  formed.  Hy- 
draulic limes,  as  a  rule,  contain  75  to  80  per  cent  calcium  carbonate 
and  20  to  25  per  cent  clay.  The  rock  is  calcined  at  a  temperature 
slightly  above  that  of  decarbonization,  and  under  these  conditions 
silicates,  aluminates,  and  ferrites  of  lime  are  formed.  The  burned 
product  must  contain  enough  calcium  silicate  to  set  under  water,  and 
also  enough  free  lime  to  slake  when  water  is  added.  Hydraulic  limes 
are  thus  intermediate  between  natural  cements  and  true  limes.  Little 
hydraulic  lime  is  manufactured  in  the  United  States,  but  it  is  still 
much  used  in  Europe. 

NATTTKAL  CEHEKT. 

Natural  cement  is  formed  by  burning  an  impure  limestone  contain- 
ing 15  to  40  per  cent  of  silica,  alumina,  and  iron  oxides,  at  a  tem- 
perature a  little  higher  than  that  used  in  lime  burning.  Natural 
cement  differs  from  hydraulic  lime  in  that  it  does  not  contain  sufficient 
free  lime  to  cause  slaking  when  water  is  added.  During  burning  the 
carbon  dioxide  is  driven  off,  and  most  of  the  lime  combines  with  other 
constituents,  forming  silicates,  aluminates,  and  ferrites  of  lime.  As 
the  burned  mass  will  not  slake,  grinding  is  necessary.  The  ground 
material  when  wetted  hardens  or  sets  rapidly,  both  in  air  and  under 
water.  Unlike  Portland  cement,  natural  cement  may  vary  greatly 
in  composition.  Also,  it  is  burned  at  a  much  lower  temperature  than 
Portland  cement,  and  its  specific  gravity  is  somewhat  lower.  The 
hydraulic  property  of  natural  cement  does  not  depend  on  its  mag- 
nesium content,  but  the  presence  of  magnesium  does  not  impair  its 
value.  Twenty-five  years  ago  the  cement  produced  in  this  country 
was  chiefly  natural  cement,  but  for  some  years  this  type  has  formed 
only  about  10  per  cent  of  the  total  output. 

PTTZZOLAN  CEHENT. 

Puzzolan  cement  is  made  by  mixing  slaked  lime  with  volcanic  ash 
or  blast-furnace  slag.  The  mixture  is  finely  groimd  but  is  not 
burned  after  mixing.  When  the  powder  is  wetted  it  hardens  like 
natural  or  Portland  cement.  It  will  set  under  water,  and  is  claimed 
to  give  better  service  in  water  than  in  air. 

POETLANS  CEMENT. 

Portland  cement  is  obtained  by  burning  to  the  point  of  incipient 
fusion  an  intimate  mixture  of  pulverized  materials  that  contain 
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calcium  carbonate,  silica,  alumina,  and  iron  oxide  in  proportions 
varying  within  certain  narrow  limits,  and  by  pulverizing  finely  the 
clinker  that  results.  The  ground  clinker  sets  under  water,  and  is 
the  strongest  and  most  durable  form  of  hydraulic  cement. 

HISTORICAL  REVIEW  OF  CEMENT  INDUSTRY. 

EOHAN  PTTZZOLAN  CEMENT. 

Puzzolan  cement  is  the  most  ancient  form  of  hydraulic  cement  of 
which  there  is  any  record.  The  Romans  manufactured  it  in  the 
vicinity  of  Naples  under  the  name  of  "  Pozzuolana  "  and  employed  it 
rin  many  of  the  early  engineering  works  in  Rome.  The  cement  con- 
sisted of  volcanic  ash  powdered  and  mixed  with  lime  and  possessed 
distinct  hydraulic  properties.  In  modern  puzzolan  cements  blast- 
furnace slag  is  substituted  for  volcanic  ash.  Throughout  the  Middle 
Ages  even  the  use  of  the  primitive  puzzolan  cements  seems  to  have 
been  discontinued,  lime  mortar  being  used. 

ETTBOFEAN  NATTTSAL  CEHEHT. 

The  natural-cement  industry  had  its  beginning  in  an  early  dis- 
covery that  certain  limes  would  set  under  water.  At  first  this  prop- 
erty was  thought  to  be  due  to  the  purity  of  the  limestone  f  rcmi  which 
the  lime  was  made.  About  175j6  Smeaton,  an  English  engineer,  in 
investigating  material  suitable  for  constructing  the  Eddystone  Light- 
house, discovered  that  the  reverse  was  true,  for  the  impure  clayey 
limestones  produced  limes  that  would  harden  under  water.  The 
record  of  Smeaton's  experiments*  was  not  published  until  about 
1791.  His  experiments  were  not  carried  to  the  point  of  making  a 
true  cement,  but  his  conclusions  regarding  the  effect  of  clay  in 
limestone  opened  the  way  for  further  investigation. 

In  1796,  Parker  ^  took  out  an  English  patent  for  a  product  which 
he  termed  "  Roman  cement,"  although  it  was  much  different  from 
the  cement  used  by  the  Romans.  Parker's  cement  was  made  from 
concretions  of  clayey  and  limey  material,  burned  at  a  temperature 
higher  than  that  employed  in  burning  lime.  The  burned  product 
would  not  slake,  but  when  ground  to  powder  and  wetted  it  would 
harden,  in  air  and  under  water.  A  process  for  making  natural 
cement  of  similar  type  was  developed  in  France  at  about  the  same 
time  as  in  England. 

•  Eckel,  B.  C,  and  others,  Portland  cement  materials  and  indoatry  in  the  United  States : 
XT.  S.  Geol.  Survey  Bull.  522,  1913,  p    19. 
» Eckel,  B.  C,  and  others,  work  dted*  p.  10. 
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EXmOFEAN  POETLAND  CEMENT. 

In  1824,  Joseph  Aspdin,"  of  Leeds,  England,  received  a  British 
patent  for  a  product  which  he  named  "  Portland  cement,"  because 
the  set  cement  resembled  the  oolitic  limestone  of  Portland,  England. 
The  specifications  for  the  new  cement  were  somewhat  vague;  a 
very  pure  limestone  was  to  be  burned  to  lime,  the  lime  mixed  with 
a  definite  quantity  of  clay,  and  the  mixture  pulverized  wet.  The 
wet  mixture  was  to  be-  dried  and  crushed  and  then  calcined  in  a 
vertical  kiln  and  finally  the  calcine  was  to  be  powdered.  The  patent 
does  not  state  what  proportions  of  lime  and  clay  should  be  used,  nor 
at  what  temperature  the  mixture  should  be  burned. 

The  manufacture  of  Portland  cement  began  in  England  and  on  ^ 
the  Continent  shortly  after  the  patent  was  issued.     However,  at 
that  time  natural  cement  was  widely  used,  and  as  it  could  be  manu- 
factured more  cheaply  than  the  Portland  cement,  the  growth  of  the 
latter  industry  was  very  slow. 

THE  CEMENT  DmiTSTBT  IN  THE  UNITED  STATES. 

DEVELOPMENT  AND  USE  OF  NATUBAL  CEMENT. 

In  early  days  in  the  United  States  the  greatest  demand  for  cement 
was  in  canal  construction,  and  consequently  cement  enterprises  were 
developed  along  the  courses  of  canals. 

Natural  cement  was  first  used  in  America  during  the  years  1818 
and  1819  for  the  locks  and  walls  of  the  middle  section  of  the  Erie 
Canal.  Its  use  resulted  from  investigation  of  a  peculiar  type  of  lime, 
manufactured  for  this  canal,  that  would  not  slake.  One  of  the  engi- 
neers. Canvass  White,  who  had  visited  England  and  there  become 
acquainted  with  natural  cement,  tested  the  material  and  found  that 
it  had  hydraulic  properties  when  ground  and  mixed  with  water.  The 
material,  which  was  really  natural  cement,  was  used  in  this  canal  and 
was  much  better  than  the  lime  that  had  been  used  theretofore.  White 
took  out  a  patent  on  this  cement.  According  to  Eckel,^  the  patent 
right  for  the  State  of  New  York  was  in  1825  purchased  by  that 
Commonwealth  for  $10,000,  and  the  process  rendered  free  to  the 
citizens  of  the  State. 

This  discovery  was  rapidly  followed  by  the  discovery  of  deposits 
of  natural  cement  rock  along  the  lines  of  other  canals.  Meade  ^  states 
that  in  1825  cement  rock  was  discovered  in  Ulster  County,  N.  Y., 
along  the  line  of  the  Delaware  &  Hudson  Canal,  and  in  1826  a  mill  - 

•  Aspdln,  Joseph,  British  patent  6022,  Issued  Oct.  21,  1824. 

*Bckel,  B.  C,  and  others,  Portland  cement- materials -and  industry  in  the  United  States : 
XT.  B.  Geol.  Surrey  Bull.  522,  1913,  p.  21. 
« Meade,  B.  K.,  Portland  cement,  2d  ^.t  191l»  pp.  7--8. 
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was  started  at  High  Falls.  In  1828  a  mill  was'built  in  Ulster 
County,  at  Bosendale,  which  became  a  center  of  some  importance. 
The  cement  made  here  was  called  "Rosendale  cement,"  and  this 
name  is  still  applied  to  American  natural  cement.  In  1829  natural 
cement  was  manufactured  at  Shippingport,  near  Louisville,  Ky.  In 
1836,  during  the  construction  of  the  Chesapeake  &  Ohio  Canal, 
natural  cement  was  manufactured  at  Round  Top,  near  Hancock,  Md. 
Natural  cement  was  manufactured  for  other  canals  as  follows:  The 
Illinois  &  Michigan  Canal,  at  XJtica,  in  1838 ;  the  James  River  Canal, 
at  Balcony  Falls,  Va.,  in  1848;  the  Lehigh  Coal  &  Navigation  Co. 
Canal,  at  Siegfried,  Pa.,  in  1850. 

THE  FOBTLAND  CEMENT  INDUSTBY. 

According  to  Meade,*  the  first  Portland  cement  made  in  the  Le- 
high district  in  the  United  States  resulted  from  experiments  begun 
by  David  O.  Saylor  in  1866  at  Coplay,  Pa.,  where  natural  cement 
had  been  manufactured  for  some  years.  After  experimenting  for 
some  time  with  mixtures  of  ordinary  cement  rock  and  high-calcium 
cement  rock,  a  mixture  was  found  which,  after  being  burned  and 
ground,  gave  results  equal  to  those  obtained  with  imported  English 
and  German  Portland  cements.  A  feature  of  interest  in  connection 
with  this  achievement  is  the  fact  that  the  raw  materials  were  very 
different  from  those  employed  in  any  European  cement. 

However,  introducing  the  domestic  product  was  difficult  because 
European  cements  had  an  established  record  and  American  cement 
had  no  reputation.  Eventually,  through  liberal  advertising  and 
guaranty,  a  market  was  established. 

In  1872  a  plant  for  making  Portland  cement  from  marl  and  clay 
was  erected  near  Kalamazoo,  Mich.  In  1875  Portland  cement  made 
from  limestone  and  clay  was  being  manufactured  at  Wampum,  Pa. 
Up  to  1881  six  plants  were  operated  for  the  manufacture  of  Port- 
land cement,  three  of  which  were  failures  and  involved  their  pro- 
moters in  heavy  loss. 

Before  the  Portland  cement  industry  made  any  marked  progress 
in  the  United  States  methods  different  from  those  employed  in 
Europe  were  invented.  Such  modifications  were  necessary  on  ac- 
count of  the  higher  wages  and  cheaper  fuel  in  the  United  States  as 
contrasted  with  European  countries.  To  meet  these  conditions  it  was 
necessary  to  cut  down  the  labor  cost  for  both  burning  and  grinding 
by  means  of  mechanical  improvements.  The  stationary  vertical  kiln 
was,  therefore,  replaced  by  the  rotary  kiln,  and  the  millstones  for- 
merly employed  for  grinding  were  replaced  by  modem  grinding 
machinery,  such  as  gyratory  crushers  and  ball  and  tube  mills.    Soon 

*  Meade,  R.  K.,  work  cited,  p.  10. 
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after  the  rotary  kilns  were  introduced  it  was  found  that  the  mate- 
rials could  be  mixed  and  ground  dry  and  fed  directly  to  the  kilns 
without  wetting.  This  was  the  beginning  of  the  dry  process.  In 
1891,  at  Montezuma,  N.  Y.,  naturally  wet  raw  materials  (marl  and 
clay)  were  charged  into  the  kilns  without  preliminary  drying.  This 
was  essentially  the  wet  process  as  employed  at  present.  Most  of  the 
cement  manufactured  in  the  United  States  is  made  by  the  dry  process. 

GBOWTH  OF  THE  INBUSTBY. 

The  Portland  cement  industry  grew  steadily  from  its  beginning 
until  1908,  and  since  that  date  its  growth  has  been  phenomenal.  Few 
industries  in  the  country  can  record  such  wonderful  development  as 
is  indicated  by  an  increase  in  production  from  approximately 
3,500,000  barrels  in  1898  to  over  92,000,000  barrels  in  1913.  In  the 
year  1900  the  production  of  Portland  cement  in  this  country  for  the 
first  time  exceeded  that  of  natural  cement,  and  since  then  there,  has 
been  a  gradual  decline  in  natural-cement  manufacture.  Chiefly  be- 
cause of  overproduction  and  the  immense  stocks  of  Portland 
cement  on  hand,  the  production  in  1914  and  1915  fell  a  little  below 
that  of  1918.« 

The  production  of  hydraulic  cements  in  the  United  States  from 
181^  to  1915,  as  compiled  by  Burchard,*  is  shown  in  Table  1.  A 
graphic  illustration  of  the  production  of  Portland  and  natural 
cements  and  the  value  of  Portland  cement  for  the  period  1890  to 
1915,  prepared  by  Burchard,*'  is  shown  in  figure  1. 

•Burchard.  E.  F.,  Cement:  Mineral  Resources  of  U.  S.  for  1915,  U.  S.  Geol.  Sarvey, 
1016,  pt.  2.  p.  192. 

*  Burchard,  E.  F.,  work  cited,  p.  191. 

•Preliminary  estimates  by  the  United  States  Geological  Survey  show  that  the  output 
of  Portland  cement  In  1917  amounted  to  98,600,000  kMirrela,  or  about  1,100,000  barrela 
more  than  in  1916. 
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COMPOSITION  OF  PORTLAND  CEMENT. 

VABIATIONS  IN  COMPOSITION. 

Portland  cement  contains  approximately  60  to  70  per  cent  lime, 
20  to  25  per  cent  silica,  and  5  to  12  per  cent  alumina  and  iron  oxide. 
The  manner  in  which  these  various  elements  combine  during  the 
burning  process  has  for  many  years  been  somewhat  in  doubt.  Vari- 
ous investigators  have  studied  the  problem,  and  their  conclusions  do 
not  agree.  The  chemical  analysis  of  a  Portland  cement  is  some- 
what difficult,  but  many  reliable  analyses  have  been  made.  Compari- 
son of  the  analyses  of  various  cements,  all  of  good  quality,  shows 
considerable  variation  in  composition.  The  major  constituents  may 
therefore  vary  within  certain  narrow  limits  without  impairing  the 
quality  of  the  product.  Basing  his  opinion  on  the  results  of  many 
analyses,  Meade  <»  has  pointed  out  that  cements  may  vary  in  composi- 
tion within  the  following  limits  and  still  conform  with  standard 
specifications: 

Permissible  limits  of  variation  in  composition  of  Portland  cement. 

Constituent.  Per  cent. 

Silica   : 19—25 

Alumina    5 —  9 

Iron  oxide   2 —  4 

Lime    60—64 

Magnesia    1 —  4 

Sulphur   trioxide   1 —  1. 75 

According  to  specifications  recently  established,^  the  maximum 
permissible  percentage  of  magnesia  has  been  increased  from  4  to  5, 
and  that  of  sulphur  trioxide  from  1.75  to  2. 

The  fact  that  cements  from  different  plants  may  vary  several  per 
cent  in  their  contents  of  silica,  lime,  and  alumina  and  yet  give  equally 
satisfactory  results  is  difficult  to  explain.  As  the  raw  materials  vary 
considerably  in  different  localities,  evidently  the  proportions  of  the 
various  constituents  are  interdependent  to  a  certain  extent.  The 
difficulty  consists  in  determining  what  Meade  terms  the  "  proximate  " 
composition;  that  is,  the  manner  in  which  the  various  elements  are 
combined,  and  their  relation  to  each  other. 

INVESTIGATIONS  OF  ''  FEOXDiATE  "  COMFOSITION. 

As  a  result  of  investigations  conducted  by  S.  B.  and  W.  B.  New- 
berry* they  concluded  that  Portland  cement  consisted  of  tricalcic 

•Meade,  R.  K.,  Portland  cement,  2d  ed.,  1911,  p.  28. 

^U.  S.  Goyemment  speciflcations  for  Portland  cement:  Bureau  of  Standards  Circular 
33.  3d  ed.,  1917,  p.  27. 

*  Newberry,  S.  R,  and  Newberry,  W.  B.,  The  constitution  of  hydraulic  cements,  1897, 
p.  7. 
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silicate  and  dicalcic  aluminate.  They  found  that  lime  may  be  com- 
bined with  silica  in  the  proportion  of  3  molecules  to  1  and  the  prod- 
uct still  have  practically  constant  volume  and  good  hardening  prop- 
erties, though  hardening  very  slowly.  With  SJ  molecules  of  lime 
to  1  of  silica  the  product  is  not  sound  and  cracks  in  water.  Also, 
they  found  that  lime  may  be  combined  with  alumina  in  the  propor- 
tion of  2  molecules  to  1,  giving  a  product  which  sets  quickly  and 
shows  constant  volume  and  good  hardening  properties.  With  2J 
molecules  of  lime  to  1  of  alumina  the  product  is  not  sound.  The 
formula  for  tricalcic  silicate,  SCaO.SiOj,  corresponds  to  2.8  parts 
of  lime  by  weight  to  1  part  of  silica.  The  formula  for  the  dicalcic 
aluminate,  2CaO.Al208,  corresponds  to  1.1  parts  of  lime  by  weight  to 
1  part  of  alumina.  The  permissible  maximum  percentage  of  lime  is, 
then,  the  sum  of  the  percentage  of  silica  multiplied  by  2.8  plus  the 
percentage  of  alumina  multiplied  by  1.1. 

The  Newberrys  deduced  for  Portland  cement  the  general  formula 
X(3CaO.Si02)+r(2CaO.Al203),  in  which  X  and  Y  are  variable, 
depending  on  the  relative  proportions  of  silica  and  alumina  present 
in  the  clay  employed. 

However,  more  recent  investigations  indicate  that  these  conclu- 
sions were  incorrect.  Rankin  and  Wright,*  after  a  long  series  of 
careful  determinations,  decided  that  Portland  cement  clinker  made 
from  the  pure  oxides  consisted  essentially  of  a  mixture  of  tricalcic 
silicate,  SCaO.SiOj,  dicalcic  silicate,  2CaO.SiOj,  and  tricalcic  alumi- 
nate, SCaO.AljOs,  with  some  of  the  substance  SCaO-SAl^Os,  and 
possibly  a  small  amount  of  free  lime.  In  a  later  publication  Rankin  ^ 
points  out  that  the  lime,  and  the  substance  SCaO-AljO,,  result  from 
imperfect  burning.    In  most  cements  they  occur  in  small  amounts. 

A  recent  publication  by  the  saitie  author  ^  describes  a  series  of  inves- 
tigations conducted  at  the  geophysical  laboratory  of  the  Carnegie  In- 
stitute and  the  results  of  these  studies,  with  a  review  of  the  various 
steps  made  by  previous  investigators  leading  toward  a  solution  of 
the  problem  of  the  constitution  of  Portland  cement.  Rankin  em- 
phasizes the  fact  that  the  compound  tricalcic  silicate  is  the  constituent 
of  Portland  cement  that  develops  the  greatest  strength  upon  harden- 
ing. He  concludes,  therefore,  that  the  essential  process  in  the  manu- 
facture of  cement  is  the  formation  of  this  compound,  and  that  in- 
crease in  the  strength  of  the  cement  may  be  best  brought  about  by 
increasing  the  content  of  tricalcic  silicate.    At  present  the  average 

•Bankin,  G.  A..  The  ternary  system  CaO-AliOrSlOa,  wltli  optical  study  by  F.  K. 
Wright:  Am.  Jour.  Scl.,  yoI.  39,  Janaary,  1916,  p.  71. 

^  Rankin,  G.  A.,  The  constituents  of  Portland  cement  clinker :  Jour.  Ind.  and  Eng. 
Chem..  YOl.  7,  June,  1915,  p.  473. 

•Bankln,  Q.  A.,  PorUand  cement:  Jour.  Franklin  Inat.,  June,  1916.  pp.  747-784. 
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normal  Portland  cement  contains  only  30  to  35  per  cent  of  this  con- 
stituent. In  order  to  work  out  a  method  of  increasing  the  percent- 
age of  tricalcic  silicate,  further  experimental  work  is  needed.  The 
rate  of  formation  of  this  compound  in  a  series  of  mixtures  must  be 
determined,  and  also  its  equilibrium  relations  at  high  temperatures. 
In  the  past  the  manufacture  of  Portland  cement  received  little 
scientific  investigation,  and  the  general  influence  of  chemical  compo- 
sition on  physical  properties  has  been  determined  almost  exclusively 
by  practical  experience.  As  noteworthy  contributions  to  the  problem 
of  the  constitution  of  Portland  cement  are  now  available,  it  seems 
likely  that  scientific  research  will  play  a  more  important  part  in  the 
solution  of  practical  cement  problems.  In  fact,  the  way  is  now  paved 
for  laboratory  investigations  of  practical  methods  for  increasing  the 
strength  and  the  general  quality  of  Portland  cement. 

OTHEE  INVESTIOATIONS. 

Another  field  of  investigation  in  which  much  remains  to  be  done 
is  a  determination  of  the  necessary  modifications  in  the  composition 
of  cement  to  render  it  most  suitable  for  certain  climatic  or  other  con- 
ditions affecting  the  structures  in  which  it  is  employed. 

The  following  examples  illustrate  problems  of  this  nature.  Cox« 
claims  that  a  Portland  cement  best  adapted  for  use  in  a  tropical 
climate  should  have  a  high  silica-alumina  ratio,  at  least  3  parts  of 
silicia  to  1  part  of  alumina.  Meade  ^refers  to  the  claim  made  by 
numerous  authorities  that  Portland  cement  containing  high  per- 
centages of  ferric  oxide  are  best  adapted  for  use  in  sea  water,  as 
such  cements  offer  great  resistance  to  the  disintegrating  action  of  the 
salt  water.  Blatchley^'  claims  that  the  presence  of  sulphur  hastens 
disintegration  of  Portland  cement  exposed  to  sea  water. 

RAW  MATERIALS  OF  PORTLAND  CEMENT. 

ESSENTIAL  ELEMENTS. 

As  pointed  out  on  a  previous  page,  Portland  cement  contains  ap- 
proximately 60  to  70  per  cent  lime,  20  to  25  per  cent  silica,  and  5  to 
12  per  cent  alumina  and  iron  oxides.  The  essential  elements  are, 
therefore,  calcium,  silicon,  aluminum,  and  iron,  each  of  which  is  in 
nature  usually  combined  in  some  way  with  oxygen.  As  these  are 
the  five  chief  elements  of  the  earth's  crust,  it  is  evident  that  raw 

•Coz,  A.  J.,  Philippine  raw  cement  materials:  Phil.  Jour.  ScL,  yol.  4,  May,  ]909»  p. 
217. 

» Meade,  B.  K.,  Portland  cement,  2d  ed.,  1911,  p.  36. 

•  Blatcbley,  W.  S.,  Portland  cement :  25th  Ann.  Kept  Vtpt,  Geol.  and  Nat  Bes.  Indiana, 
1900,  p.  16. 
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materials  for  cement  manufacture  are  abundant  and  may  be  com- 
bined in  innumerable  ways  to  give  the  desired' ratio. 

LIMITATIONS  DT  CHOICE  OF  EAW  MATEEIALS. 

Although  the  raw  materials  for  making  cement  are  abundant  and 
widely  distributed,  the  necessity  for  maintaining  a  low  manufactur- 
ing cost  eliminates  many  sources  of  supply.  Thus,  silica  is  abun- 
dant in  nature  as  the  mineral  quartz  and  alumina  is  found  as  corun- 
dum or  emery,  but  these  substances  are  so  extremely  hard  and  diffi- 
cult to  pulverize  that  they  could  not  be  used  to  advantage  in  making 
cement  Many  silicates  contain  lime,  iron,  silica,  or  alumina,  or  com- 
binations of  these  substances,  but  most  of  these  also  are  difficult  to 
quarry  and  costly  to  pulverize.  Materials  that  may  be  employed 
for  commercial  manufacture  with  current  prices  of  cement  must, 
therefore,  possess  certain  characteristics.  The  chemical  composition 
must  be  such  that  a  proper  mixture  may  be  readily  procured  and 
maintained.  The  physical  characteristics  must  be  such  that  quarry- 
ing, crushing,  and  pulverizing  may  be  done  at  low  cost,  and  the 
fusion  points  must  be  sufficiently  low  that  clinker  may  be  made  with- 
out using  an  excessive  amount  of  fuel. 

SUITABLE  MATEBIALS. 

Calcium  in  its  most  available  state  occurs  as  calcium  carbonate 
in  the  form  of  limestone,  marble,  chalk,  or  marl.  Vast  quantities 
of  alumina  and  silica  occur  in  combination  in  the  form  of  clay  or 
related  materials  such  as  shale  or  slate.  Limestone  and  clay  are 
frequently  mixed  and  grade  into  each  other.  When  the  clay  con- 
tent is  18  per  cent  or  more  the  rock  is  termed  argillaceous  lime- 
stone or  cement  rock. 

In  addition  to  the  rocks  mentioned  certain  artificial  by-products 
such  as  blast-furnace  slag,  ashes,  oyster  shells,  or  precipitated  cal- 
cium carbonate  from  alkali  works  may  be  used  as  ingredients  of 
Portland  cement. 

CLASSIFICATION  OF  MATEEIALS. 

The  raw  materials  enumerated  may  be  classified  in  two  groups — 
the  calcareous,  supplying  the  major  part  of  the  lime,  and  the  argil- 
laceous, supplying  the  alumina  and  silica.  Iron  oxide  may  be  present 
in  any  of  the  rocks  mentioned  and  also  in  blast-furnace  slag.  Clas- 
sification of  the  raw  materials  on  this  basis  is  as  follows: 


SAW  MATERIALS  OF  POBTLAKD  CEMENT. 
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Classification  of  rate  materials  of  Portland  cement. 


Calcareous. 

Argillaceous. 

Natural: 

Natural: 

Limestone. 

Clay. 

Marble. 

Shale. 

Chalk. 

Slate. 

Marl. 

Cement  rock. 

Cement  rock. 

Artificial: 

Artificial: 

Alkali  waste. 

Ashes. 

Oyster  shells. 

Blast-furnace  slag. 

Cement  rock  consisting  of  both  calcareous  and  argillaceous  ma- 
terials may  fall  in  either  group,  its  classification  depending  upon 
the  predominating  constituent.  Most  of  the  cement  rock  used  for 
Portland  cement  in  this  country  is  argillaceous,  requiring  the 
addition  of  a  certain  amount  of  high-calcium  rock.  However,  in  a 
few  localities  the  rock  used  is  rather  high  in  calcium  and  requires 
the  addition  of  a  small  amount  of  clay  or  shale. 

In  ordinary  cement  mixtures,  consisting  of  limestone  or  marl  with 
clay  or  shale,  the  calcareous  materials  constitute  about  three- fourths 
of  the  mass,  and  argillaceous  materials  one- fourth.  In  cement  rock 
the  proportion  may  differ  widely  from  this  ratio. 


COMMON  IMFUBITIES  DT  BAW  MATEEIALS. 

SILICA. 

In  clay  or  shale  silica  is  one  of  the  essential  constituenjbs  and  can 
not  be  termed  an  impurity,  but  it  may  also  occur  in  the  limestone. 

Silica  when  present  in  limestone  may  occur  in  three  forms — (1) 
as  free  silica,  in  the  form  of  vein  quartz,  sand,  gravel,  flint,  or  chert ; 
(2)  in  combined  form  as  clay,  mica,  hornblende,  or  other  silicate 
mineral;  (3)  as  layers  or  strata  of  hydrated  silica,  the  result  of 
chemical  precipitation  or  organic  action.  The  first  form,  free  silica, 
is  to  be  avoided  in  limestone.  Quartz,  flint,  or  chert  are  difficult  to 
grind,  and  unless  finely  pulverized  raise  the  fusion  point  of  the 
mixture  decidedly.  The  silicate  form,  clay,  is  usually  desirable. 
If  clay  is  present  in  proper  amount  for  a  cement,  the  mixture 
constitutes  the  ideal  raw  material.  Other  silicate  minerals  are  to  be 
avoided,  some  on  the  basis  of  undesirable  constituents  and  others 
because  of  hardness  or  high  fusibility.  The  third  form,  hydrated 
silica,  is  of  rare  occurrence. 
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IBOK.      - 

Iron  may  be  present  in  oxide,  sulphide,  carbonate,  or  silicate  forms. 
This  metal,  when  present  as  oxide,  carbonate,  or  silicate,  is  a  useful 
flux,  aiding  in  the  combination  of  the  lime  and  silica  in  the  kiln. 
The  iron  sulphide,  pyrite,  in  quantities  exceeding  2  or  3'  per  cent  is 
to  be  avoided.  In  any  event  the  ferric  oxide  content  of  the  finished 
cement  should  not  exceed  4  per  cent. 

MAGNESIUM. 

Magnesium  is  usually  present  in  the  limestone  more  than  in  the 
clay  or  shale  and  can  scarcely  be  termed  an  impurity  in  limestone, 
being  rather  a  constituent  that  replaces  an  equivalent  amount  of 
calcium.  It  has  been  claimed  that  any  considerable  proportion  of 
magnesium  causes  Portland  cement  to  expand  and  crack  after  a 
time.  The  effect  of  small  proportions  of  magnesium  has  been  the 
subject  of  many  investigations,  and  of  late  years  the  opinion  has 
been  generally  held  that  magnesium  is  less  injurious  than  was 
formerly  supposed.  This  opinion  is  reflected  in  the  latest  standard 
specifications  for  Portland  cement®  as  prepared  at  a  joint  conference 
of  representatives  from  the  American  Society  of  Civil  Engineers, 
American  Society  of  Testing  Materials,  and  a  United  States  Gov- 
ernment departmental  committee.  According  to  these  specifications 
the  permissible  percentage  of  magnesia  is  increased  from  4  to  5. 


Sulphur  may  be  present  as  the  mineral  gypsum  or  calcium  sulphate 
in  the  marl  or  clay,  and  as  pyrite  or  iron  sulphide  in  the  limestone 
or  in  the  coal  used  as  fuel. 

Blatchley^  claims  that  sulphur  is  harmful  in  cement,  especially 
when  the  concrete  is  exposed  to  sea  water,  as  sulphur  in  any  quan- 
tity hastens  disintegration.  Meade  ^  asserts,  however,  that  most  of 
the  sulphur  in  the  raw  material  is  burned  in  the  kiln  and  therefore 
is  not  present  in  the  finished  cement.  On  this  account  it  is  probable 
that  at  least  5  or  6*  per  cent  sulphur  trioxide  may  be  present  in  the 
raw  material  without  impairing  the  quality  of  the  cement 


According  to  Blatchley,'  the  Newberrys  claimed  that  the  alkalies, 
soda  and  potash,  were  probably  of  no  value  in  promoting  the  com- 

•U.  S.  Ooyemment  specifications  for  Portland  cement,  Barean  of  Standards  Clrcalar 
8ft.  dd  ed.,  1917,  p.  36. 

>Blatchle7,  W.  8.,  Portland  cement:  2fitk  Ann.  Sept.  Dept  G«oL  and  Nat  Bes.  In- 
diana, 1900«  p.  16. 

•  Meade,  B.  K.,  work  cited*  p.  62. 

'Blatchley,  W.  S.,  work  cited,  p.  IS. 
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bination  of  lime  and  silica,  whereas  the  German  chemist  Schoch,  on 
the  other  hand,  claimed  that  they  act  as  a  flux  and  are  of  great 
benefit  in  the  hardening  of  Portland  cement. 

Meade  ^  has  shown  by  experiment  that  alkalies  are  useful  fluxes. 

The  curtailment  by  the  European  war  of  the  foreign  supply  of 
potash  salts,  and  the  consequent  large  advances  in  price,  has  led  a 
number  of  cement  manufacturers  to  add  potash-recovery  equipment 
to  their  plants.  A  brief  and  concise  treatment  of  this  subject  is 
given  by  Porter.*  Potash  may,  therefore,  be  regarded  not  only  as 
a  useful  flux  but  also  as  an  actual  or  potential  source  of  a  valuable 
by-product. 

CALCABEOTTS  MATEBIALS. 

GENERAL  SFECIEICATIONS  FOB  CALGABEOns  HATEBIAIiS. 

Calcareous  materials  to  be  suitable  for  cement  manufacture  should 
conform  with  the  following  conditions: 

1.  The  rock  should  be  free  of  concretions  of  iron  minerals,  should 
contain  little  free  silica  in  the  form  of  chert,  flint,  or  quartz  veins, 
and  should  be  free  of  silicate  minerals  such  as  tremolite  and  diopside. 

2.  The  silica  and  alumina  contents  should  be  sufficiently  low  and 
in  such  ratio  that  they  will  not  interfere  with  the  desired  silica- 
alumina  ratio  in  the  finished  product. 

3.  The  rock  should  be  sufficiently  low  in  magnesium  that  the  fin- 
ished product  will  not  contain  more  than  5  per  cent  magnesia. 

4.  The  content  of  iron  should  be  sufficiently  low  that  the  ferric 
oxide  content  in  the  finished  cement  does  not  exceed  4  per  cent. 

5.  The  sulphur  content  should  be  low. 

LIMESTONE. 
ORIGIN    OF    LIMESTONE. 

Calcium  is  a  common  constituent  of  the  rocks  of  the  earth's  crust. 
Calcium  is  always  found  in  combination  with  other  elements,  as 
carbonate,  sulphate,  silicate,  phosphate,  or  other  forms.  By  the 
action  of  water  and  of  acids  at  the  surface  of  the  earth  or  within 
the  rocks,  calcium  is  dissolved.  Analyses  of  river  waters  shoW  that 
they  contain  a  considerable  amount  of  carbonic  acid.  This  aids 
in'  keeping  the  calcium  in  solution  and  it  is  carried  by  the  rivers 
to  the  sea.  Marine  organisms  of  various  types,  such  as  foramini- 
fera,  corals,  and  mollusks,  secrete  shells  consisting  principally  of 
calcium  carbonate.    As  myriads  of  these  organisms,  in  succeeding 

•Meade,  B.  K.,  work  cited,  p.  89. 

*  Porter,  J.  J. :  Recovery  of  potash  as  by-product  in  maniUactare  of  cement.  Concrete, 
October,  1917,  Cement  Mill  section,  p.  27. 
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generations,  live  and  die,  their  shells  form  vast  accumulations  at 
the  bottom  of  the  sea.  Some  of  the  limestones  still  show  the  fossils 
of  which  they  were  formed,  but  in  others  all  trace  of  organic  origin 
has  been  destroyed  by  the  fine  grinding  to  which  the  shells  were 
subjected  before  their  final  consolidation.  In  addition  to  this  me- 
chanically precipitated  material,  calcium  carbonate  may  be  precipi- 
tated chemically  from  the  sea  water.  Such  mechanical  and  chemical 
precipitates,  when  consolidated,  may  form  beds  of  limestone  of 
great  thickness.  These  may  at  later  periods  be  elevated  above  the 
surface  of  the  water  by  earth  movements,  and  thus  be  rendered 
available  fbr  use. 

COMPOSmON   OP  LIMESTONE. 

Limestone  consists  essentially  of  calcium  carbonate,  and  when  pure 
forms  the  mineral  calcite.  However,  nearly  all  limestone  contains 
certain  other  materials  that  may  be  classed  as  impurities.  For  a 
rqpk  to  be  termed  a  limestone  it  must  contain  at  least  50  per  cent 
of  calcium  carbonate.  The  principal  foreign  elements  in  limestone 
are  silica,  iron  oxide,  alumina,  magnesium  carbonate,  and  the  alka- 
lies potash  and  soda.  When  30  per  cent  or  more  of  magnesium  car- 
bonate is  present,  the  rock  is  termed  a  dolomite.  When  little  silica, 
alumina,  and  iron  oxide  are  present  the  relative  proportion  of  each 
is  of  small  moment  to  the  cement  manufacturer,  but  if  the  limestone 
contains  a  considerable  proportion  of  these  constituents,  the  relative 
amount  of  each  should  be  such  that  when  the  shale  or  clay  is  added 
the  resulting  mixture  shall  contain  silica  and  alumina  in  the  proper 
ratio. 

In  determining  the  suitability  of  a  limestone  for  cement  making 
the  composition  of  the  shale  or  clay  to  be  mixed  with  it  must  be  con- 
sidered, as  the  cotnposition  of  the  final  mixture  depends  on  the 
compositions  of  the  original  ingredients. 

In  general,  pure  limestones  are  much  harder  than  argillaceous 
limestones,  and  consequently  are  less  desirable  for  making  cement. 
In  South  Dakota,  Alabama,  Mississippi,  northern  Texas,  and  south- 
eastern Arkansas  are  certain  rotton  limestones  or  chalks  that  grind 
easily  and  are  therefore  desirable  materials  for  making  cement. 

VARIETIES  OF  UMEST0NE8. 

Special  names  are  applied  to  certain  types  of  calcareous  rocks  dif- 
fering from  ordinary  limestone  in  origin,  texture,  or  composition. 

Marble  is  limestone  that,  through  the  action  of  heat  and  pressure, 
has  become  more  or  less  distinctly  crystalline,  although  the  term  is 
also  used  in  a  commercial  sense  for  any  limestone  that  will  take  a 
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good  polish.  Marl  is  a  term  applied  to  a  loosely  cemented  mass  of 
lime  carbonate  formed  in  a  lake  basin.  Calcareous  tufa  and  traver- 
tine are  more  or  less  compact  limestones  deposited  around  springs  or 
along  the  courses  of  resulting  streams.  Oolitic  limestone,  so  called 
because  of  its  resemblance  to  fish  roe,  is  made  up  of  small  rounded 
grains  of  lime  carbonate  having  a  concentrically  laminated  structure. 
Chalk  is  fine-grained  limestone  composed  of  particles  of  finely  ground 
shells  loosely  cemented  together.  A  siliceous  or  cherty  limestone  is 
one  that  contains  considerable  silica,  an  argillaceous  limestone  is  one 
containing  clay,  and  a  carbonaceous  or  bituminous  limestone  is  one 
containing  carbonaceous  matter. 

PHYSICAL   CHARACTERISTICS  OF  LIMESTONES. 

Limestones  vary  greatly  in  such  physical  properties  as  hardness, 
color,  weight,  porosity,  and  texture.  In  color  limestones  range  from 
pure  white  to  black,  depending  on  differences  in  chemical  composi- 
tion; in  texture  they  may  be  amorphous,  semicrystalline,  or  crystal- 
line ;  and  in  compactness  they  vary  from  the  loosely  consolidated  marls 
through  the  chalks  to  the  compact,  normal  limestones  and  the  still 
harder  marbles.  Porous  limestone  may  weigh  as  low  as  110  pounds 
per  cubic  foot,  whereas  the  more  compact  varieties  weigh  150  to  185 
pounds  to  the  foot. 

From  the  standpoint  of  the  cement  manufacturer,  porosity  and 
hardness  are  the  more  important  physical  properties  of  a  limestone. 
Porous  limestones  are  capable  of  carrying  a  large  content  of  water, 
the  removal  of  which  requires  considerable  fuel.  The  hardness  has 
a  direct  bearing  on  the  cost  of  quarrying,  crushing,  and  grinding. 
Harder  rocks  pulverize  with  more  difficulty  and  wear  the  grinding 
machinery  much  more  rapidly  than  softer  ones.  These  two  properties, 
hardness  and  porosity,  counteract  each  other  to  a  great  extent,  for  the 
harder  limestones  are  usually  of  low  porosity  and  vice  versa. 

The  attitude  of  the  beds  and  the  presence  or  absence  of  open  bedding 
planes  or  joints  are  structural  features  that  have  a  direct  bearing  on 
the  system  of  quarrying.  As  these  chiefly  affect  drilling  and  blasting 
methods,  they  are  considered  in  detail  under  "  Drilling  "  and  "  Blast- 
ing "  on  pages  42  to  51. 

CALCABEGUS  MATEBIALS  USED  IN  CEMENT  MANUFACTUBE. 

COMPACT  LIMESTONE. 

In  the  early  days  of  Portland  cement  manufacture  the  amount  of 
hard  limestone  used  was  small,  argillaceous  limestone,  the  so-called 
cement  rock,  being  chiefly  employed.  When  the  process  of  making 
cement  from  hard  limestone  and  shale  or  clay  was  placed  on  a  profit- 
able basis,  this  brajich  of  the  industry  developed  rapidly.     Hard 

45723"— 18 2 


20  BOCK  QUARRYING  FOB  CEMENT  MANXJFACTTJBB. 

The  adaptability  of  the  precipitated  carbonate  for  use  in  cement 
manufacture  depends  largely  on  the  nature  of  the  limestone.  If 
dolomitic  limestone  is  used  the  resulting  waste  will  be  high  in 
magnesium,  but  if  high-calcium  limestone  is  used  the  waste  is  ot  suit- 
able character. 

Alkali  waste  is  employed  to  some  extent  as  a  Portland  cement  con- 
stituent, notably  at  Wyandotte,  Mich. 

OYSTER  SHELLS. 

It  has  been  determined  by  analyses  that  ordinary  commercial 
oyster  shells  have  about  the  same  composition  as  the  purest  lime- 
stones ordinarily  quarried.  The  available  supply  of  shells  in  certain 
coast  and  Gulf  regions  is  sufficient  to  justify  their  use  for  cement 
manufacture.  They  are  now  employed  for  this  purpose  near  Norfolk, 
Va.,  and  Houston,  Tex. 

AEaiLLACEOXTS  HATEBIALS. 

GENERAL  SFECIFICATIONS  EGB  ABGILLACEOnS  MATERIALS. 

Argillaceous  material  for  making  cement  should  conform  with  the 
following  specifications: 

1.  The  material  should  be  free  from  iron  concretions  and  from 
silica  in  the  form  of  flint  and  quartz. 

2.  The  silica  content  should  form  60  to  70  per  cent  of  the  mass. 

3.  The  magnesium  content  should  be  sufficiently  low  to  conform 
with  standard  specifications. 

4.  The  presence  of  iron  oxide  is  desirable  as  a  flux,  but  the  content 
of  iron  oxide  in  the  finished  product  should  not  exceed  4  per  cent. 

5.  For  the  manufacture  of  white  cement,  the  ferric  oxide  content 
should  be  less  than  0.5  per  cent. 

6.  The  sulphur  content  should  be  low. 

CLAY. 
DEFINITION   OF   CLAY. 

Clay  may  be  defined  as  an  earthy  substance  consisting  of  a  base  of 
kaolin  mixed  with  a  greater  or  less  proportion  of  mineral  or  organic 
impurities.  Kaolin  is  a  hydrous  silicate  of  alumina,  its  composition 
being  represented  by  the  formula  Al2O3.2SiO2.2H2O.  Kaolin  rarely 
occurs  pure  in  nature,  the  more  common  impurities  being  silica  sand, 
lime  carbonate,  iron  oxide,  and  carbonaceous  material. 

ORIGIN   OF   CLAY. 

Clays  are  all  of  sedimentary  origin,  and  are  derived  from  the  disin- 
tegration and  alteration  of  igneous^  metamorphic,  or  sedimentary 
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rocks.  Feldspar,  pyroxene,  and  hornblende,  which  consist  largely  of 
silica  and  alumina,  are  the  chief  sources  of  kaolin  that  originates  from 
igneous  or  metamorphic  rocks.  The  more  soluble  elements  are  gradu- 
ally leached  out,  leaving  behind  the  less  soluble  silica  and  alumina. 

In  various  places  vast  beds  of  clay  have  been  formed  by  the  dis- 
integration of  argillaceous  limestones.  Water  containing  carbon 
dioxide  slowly  dissolves  and  removes  the  calcium  and  magnesium 
carbonates,  while  the  insoluble  clay  remains  and  accumulates. 

VARIETIES  OF  CLAY. 
BESIDUAL   CLAT. 

Residual  clay  is  formed  through  the  disintegration  of  rocks  in 
place,  and  is  found  replacing  the  parent  rock  and  resting  on  unaltered 
masses  of  it.  Besidual  clay  results  from  the  alteration  of  certain 
components  of  the  rock  mass,  and  those  parts  that  have  not  altered  to 
clay  are  usually  present  as  impurities.  Thus  the  residual  clay  from 
the  disintegration  of  a  granite  may  contain  grains  of  unaltered 
quartz. 

TRANSPORTED  CLAT. 

Most  clays  are  not  deposited  in  the  localities  where  they  originated, 
but  have  been  transported  by  the  agency  of  water  or  of  ice.  Alluvial 
clay  is  that  which  has  been  transported  by  streams,  and  deposited 
along  their  courses,  on  their  flood  planes  or  in  the  basins  into  which 
they  flow. 

Another  type  of  transported  clay  is  glacial  clay.  During  the  gla- 
cial period  most  of  the  northern  part  of  America  was  covered  with 
ice  which  in  passing  over  the  surface  of  the  rocks  eroded  them.  The 
loose  sand,  gravel,  and  clay  were  carried  along  by  the  ice  and  depos- 
ited at  various  distances  from  their  original  sources. 

IMPURrriES  IN  CI4AY. 

As  previously  stated,  pure  kaolin  is  rare.  Kesidual  clays  usually 
contain  unaltered  or  partly  altered  grains  of  the  parent  rock.  Trans- 
ported clay  may  be  freed  of  original  impurities,  but,  on  the  other 
hand,  impurities  may  be  added  in  transit. 

As  clays  are  commonly  formed  through  the  disintegration  of 
granites  and  related  rocks,  feldspar,  mica,  and  quartz  are  common 
impurities.  Feldspar  acts  as  a  flux  and  thus  lowers  the  fusion  point 
of  a  clay.  Mica  also  acts  as  a  flux,  but  fuses  at  a  slightly  higher 
temperature  than  feldspar.  Quartz  in  any  considerable  amount  is 
undesirable  in  clay  to  be  employed  for  making  cement. 
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The  adaptability  of  the  precipitated  carbonate  for  use  in  cement 
manafacture  depends  largely  on  the  nature  of  the  limestone.  If 
dolomitic  limestone  is  used  the  resulting  waste  will  be  high  in 
magnesium,  but  if  high-calcium  limestone  is  used  the  waste  is  ot  suit- 
able character. 

Alkali  waste  is  employed  to  some  extent  as  a  Portland  cement  con- 
stituent, notably  at  Wyandotte,  Mich. 

OTSTBR  BHElXa. 

It  has  been  determined  by  analyses  that  ordinary  commerdal 
oyster  shells  have  about  the  same  composition  as  the  purest  lime- 
stones ordinarily  quarried.  The  available  supply  of  shells  in  certain 
coast  and  Gulf  regions  is  sufficient  to  justify  their  use  for  cement 
manufacture.  They  are  now  employed  for  this  purpose  near  Norfolk, 
Va.,  and  Houston,  Tex, 

ASOILLACEOITS  U&TEBIAIS. 

OElTEBAIi  BPBCIFICATIONS  FOB  ABQIXiLACEOTTS  HATEBIAXS. 

Argillaceous  material  for  making  cement  should  conform  with  the 
following  specifications: 

1.  The  material  should  be  free  from  iron  concretions  and  from 
silica  in  the  form  of  flint  and  quartz. 

2.  The  silica  content  should  form  60  to  70  per  cent  of  the  mass. 

3.  The  magnesium  content  should  be  sufficiently  low  to  conform 
with  standard  specifications. 

4.  The  presence  of  iron  oxide  is  desirable  as  a  flux,  but  the  content 
of  iron  oxide  in  the  finished  product  should  not  exceed  4  per  cent, 

5.  For  the  manufacture  of  white  cement,  the  ferric  oxide  content 
should  be  less  than  0.5  per  cent. 

6.  The  sulphur  content  should  be  low. 

CLAT. 

nEFlNITION    or    CLAT. 

Clay  may  be  defined  as  an  earthy 
kaolin  mixed  with  a  greater  or  less 
impurities.  Kaolin  is  a  hydrous  si 
being  represented  by  the  formula  A 
occurs  pure  in  nature,  the  more  com 
lime  carbonate,  iron  oxide,  and  carbi 

ORIGIN   O] 

Clays  are  all  of  sedimentary  origi 
tegration  and  alteration  of  igneoi 
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rocks.  Feldspar,  pyroxene,  and  hornblende,  which  consist  largely  of 
silica  and  alumina,  are  the  chief  sources  of  kaolin  that  originat«s  from 
Igneous  or  metamorphic  rocks.  The  more  soluble  elements  are  gradu- 
ally leached  out,  leaving  behind  the  less  soluble  silica  and  alumina. 

In  various  places  vast  beds  of  clay  have  been  formed  by  the  dis- 
integration of  argillaceous  limestones.  Water  containing  carbon 
dioxide  slowly  dissolves  and  removes  the  calcium  and  magnesium 
carbonates,  while  the  insoluble  clay  remains  and  accumulates. 

VARIETIES  OF  CLAT. 
BESIDtTAI.  CIAT. 

Residual  clay  is  formed  through  the  disdntegration  of  rocks  in 
place,  and  is  found  replacing  the  parent  rock  and  resting  on  unaltered 
masses  of  it.  Residual  clay  results  from  the  alteration  of  certain 
components  of  the  rock  mass,  and  those  parts  that  have  not  altered  to 
clay  are  usually  present  as  impurities.  Thus  the  residual  clay  from 
the  disintegration  of  a  granite  may  contain  grains  of  unaltered 
quartz. 


Most  clays  are  not  deposited  in  the  localities  where  they  originated, 
but  have  been  transported  by  the  agency  of  water  or  of  ice.  Alluvial 
clay  is  that  which  has  been  transported  by  streams,  and  deposited 
siong  their  courses,  on  their  flood  planes  or  in  the  basins  into  which 
they  flow. 

Another  type  of  transported  clay  is  glacial  clay.  During  the  gla- 
cial period  most  of  the  northern  part  of  America  was  covered  with 
ice  which  in  passing  over  the  surface  of  the  rocks  eroded  them.    The 
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limestone  is  the  principal  ingredient  in  practically  57  per  cent  of  all 
the  Portland  cement  manufactured  in  this  coimtry,  and  (see  Table  2, 
p.  26)  is  by  far  the  most  widely  used  calcareous  material  in  making 
cement.  Hard  limestone  is  usually  of  reasonably  low  porosity,  but 
some  types  are  difficult  to  pulverize. 

CEMENT  ROCK. 

• 

In  certain  parts  of  the  United  States,  notably  in  the  Lehigh  River 
Valley  of  eastern  Pennsylvania  and  western  New  Jersey,  in  the 
Shenandoah  Valley  of  Virginia,  and  near  Glens  Falls,  N.  Y.,  are  lime- 
stones having  a  high  clay  content.  As  such  rocks  contain  all  the  chief 
constituents  of  Portland  cement,  they  have  been  termed  "cement 
rock."  Cement  rock  was  the  chief  source  of  raw  material  in  the  early 
days  of  the  Portland  cement  industry  in  the  United  States  and  still 
constitutes  an  important  source. 

The  cement  rock  quarried  in  the  Lehigh  district  is  mostly  derived 
from  the  middle  beds  of  the  Trenton  formation.  In  most  places  the 
beds  dip  15°  to  25°,  usually  northwest,  but  at  a  few  quarries,  particu- 
larly in  New  Jersey,  the  dip  is  much  steeper.  Most  of  the  cement 
rock  runs  60  to  70  per  cent  lime  carbonate,  hence  the  addition  of  a 
small  amount  of  high-calcium  limestone  is  necessary.  The  limestone 
may  be  obtained  from  beds  in  the  lower  part  of  the  Trenton 
formation  or  from  certain  low-magnesium  beds  in  the  underlying 
Kittatinny  formation.  High-calcium  limestone  is  shipped  from  out- 
side points  to  a  number  of  plants.  Near  Bath  and  Nazareth,  Pa., 
the  cement  rock  may  carry  70  to  80  per  cent  of  lime  carbonate  and 
the  addition  of  limestone  be  unnecessary.  In  some  places,  on  the 
other  hand,  the  rock  is  so  high  in  lime  that  the  addition  of  a  small 
amount  of  clay  or  shale  is  necessary.  A  high-calcium  cement  rock, 
requiring  a  small  addition  of  clay,  is  usually  more  desirable  than 
one  requiring  the  addition  of  limestone,  because  the  cement  rock  is 
usually  overlain  with  clay,  which  is  readily  available,  whereas  the 
limestone  may  have  to  be  shipped  in. 

In  a  few  places  the  cement  rock  approximates  so  nearly  the  desired 
proportions  for  a  cement  mixture  that  by  careful  and  judicious 
quarrying  no  limestone  or  shale  is  necessary.  Such  a  rock,  properly 
proportioned  in  nature,  constitutes  the  ideal  raw  material  for 
cement. 

Cement  rock  is  commonly  intersected  by  close  bedding  seams  and 
joint  planes,  consequently  when  great  masses  are  hurled  down  in 
blasting  they  readily  break  into  small  pieces.  Not  only  does  cement 
rock  quarry  easily,  as  a  rule,  but  it  offers  certain  advantages  in 
milling.  As  the  particles  of  clay  and  limestone  are  intimately  mixed 
by  nature,  the  rock  does  not  need  to  be  so  finely  ground  as  lime- 
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stone  must  be  for  intimate  mixing  with  clay  or  shale.  Moreover, 
cement  rock  is,  as  a  rule,  much  easier  to  grind  and  pulverize  than 
hard  limestone.  Such  rock  may,  therefore,  be  regarded  as  one  of 
the  most  desirable  raw  materials  for  making  cement. 

MARBIiB. 

Marble  is  an  extremely  compact  or  crystalline  form  of  limestone. 
It  is  usually  much  harder  than  ordinary  limestone,  and  consequently 
is  somewhat  difficult  to  quarry  and  pulverize.  Marble  is  not  com* 
monly  used  as  a  cement  material.  It  is  employed  by  a  company 
operating  near  Union  Bridge,  Md. 

CHALK. 

Chalk,  being  much  softer  than  limestone  and  easily  excavated  and 
pulverized,  is  a  desirable  raw  material  for  cement  manufacture.  The 
chief  disadvantage  of  chalk  is  its  high  porosity,  which  permits  exces- 
sive absorption  of  water  during  rainy  seasons.  Where  chalk  is  em- 
ployed large  covered  bins  in  which  a  supply  can  be  stored  for  use 
during  wet  seasons  is  desirable. 

MARL. 

Marl  is  soft,  unconsolidated  lime  carbonate  that  has  been  de- 
posited in  the  bottoms  of  existing  or  extinct  lakes.  The  lime  car- 
bonate is  precipitated  from  solution  in  the  lake  water  by  the  agency 
of  certain  algse  or  water  plants.  The  chief  impurities  in  marl  are 
clay,  organic  matter,  and  magnesium  carbonate.  The  clay  content, 
if  of  suitable  composition  and  limited  in  amount,  is  not  regarded 
as  undesirable.  The  organic  matter  is  burned  out  in  the  kilns  and 
has  little  or  no  effect  on  the  finished  product. 

As  most  marl  deposits  are  partly  or  completely  submerged,  the  marl 
is  won  by  dredging.  The  wet  material  may  be  hauled  to  the  plant  in 
cars,  or  may  be  pumped  as  a  slurry.  The  process  of  winning  marl  is 
relatively  cheap,  but  this  advantage  is  largely  counteracted  by  the 
cost  of  fuel  for  driving  off  the  water. 

ALKALI  WASTE. 

Limestone  is  employed  in  the  manufacture  of  caustic  soda  from 
common  salt.  The  calcium  is  precipitated  in  carbonate  form  and 
removed  as  waste.  Where  the  Leblanc  process  is  employed  the  waste 
contains  too  large  a  proportion ,  of  sulphides  to  be  used  as  an  in- 
gredient of  cement.  The  ammonia  process,  however,  yields  lime 
carbonate  relatively  free  from  sulphur. 
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The  adaptability  of  the  precipitated  carbonate  for  use  in  cement 
manufacture  depends  largely  on  the  nature  of  the  limestone.  If 
dolomitic  limestone  is  used  the  resulting  waste  will  be  high  in 
magnesium,  but  if  high-calcium  limestone  is  used  the  waste  is  o£  suit- 
able character. 

Alkali  waste  is  employed  to  some  extent  as  a  Portland  cement  con- 
stituent, notably  at  Wyandotte,  Mich. 

OYSTER  SHELLS. 

It  has  been  determined  by  analyses  that  ordinary  commerdal 
oyster  shells  have  about  the  same  composition  as  the  purest  lime- 
stones ordinarily  quarried.  The  available  supply  of  shells  in  certain 
coast  and  Gulf  regions  is  sufficient  to  justify  their  use  for  cement 
manufacture.  They  are  now  employed  for  this  purpose  near  Norfolk, 
Va.,  and  Houston,  Tex. 

ABOILLACEOUS  UATEBIALS. 

aENEBAL  SPECIPICATIONS  EOB  ABaiLLACEOXTS  MATEBIALS. 

Argillaceous  material  for  making  cement  should  conform  with  the 
following  specifications: 

1.  The  material  should  be  free  from  iron  concretions  and  from 
silica  in  the  form  of  flint  and  quartz. 

2.  The  silica  content  should  form  60  to  70  per  cent  of  the  mass. 

3.  The  magnesium  content  should  be  sufficiently  low  to  conform 
with  standard  specifications. 

4.  The  presence  of  iron  oxide  is  desirable  as  a  flux,  but  the  content 
of  iron  oxide  in  the  finished  product  should  not  exceed  4  per  cent. 

6.  For  the  manufacture  of  white  cement,  the  ferric  oxide  content 
should  be  less  than  0.5  per  cent. 
6.  The  sulphur  content  should  be  low. 

CLAY. 

DEFINmON   OF   CLAY. 

Clay  may  be  defined  as  an  earthy  substance  consisting  of  a  base  of 
kaolin  mixed  with  a  greater  or  less  proportion  of  mineral  or  organic 
impurities.  Kaolin  is  a  hydrous  silicate  of  alumina,  its  composition 
being  represented  by  the  formula  Al2O8.2SiO2.2H2O.  Kaolin  rarely 
occurs  pure  in  nature,  the  more  common  impurities  being  silica  sand, 
lime  carbonate,  iron  oxide,  and  carbonaceous  material. 

ORIGIN   OF   CLAY. 

Clays  are  all  of  sedimentary  origin,  and  are  derived  from  the  disin- 
tegration and  alteration  of  igneous,  ihetamorphic,  or  sedimentary 
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rocks.  Feldspar,  pyroxene,  and  hornblende,  which  consist  largely  of 
silica  and  alumina,  are  the  chief  sources  of  kaolin  that  originates  from 
igneous  or  metamorphic  rocks.  The  more  soluble  elements  are  gradu- 
ally leached  out,  leaving  behind  the  less  soluble  silica  and  alumina. 

In  various  places  vast  beds  of  clay  have  been  formed  by  the  dis- 
integration of  argillaceous  limestones.  Water  containing  carbon 
dioxide  slowly  dissolves  and  removes  the  calcium  and  magnesium 
carbonates,  while  the  insoluble  clay  remains  and  accumulates. 

VARIETIES  OF  CLAY. 
BESIDUAL    CLAT. 

Residual  clay  is  formed  through  the  disintegration  of  rocks  in 
place,  and  is  found  replacing  the  parent  rock  and  resting  on  unaltered 
masses  of  it.  Residual  clay  results  from  the  alteration  of  certain 
components  of  the  rock  mass,  and  those  parts  that  have  not  altered  to 
clay  are  usually  present  as  impurities.  Thus  the  residual  clay  from 
the  disintegration  of  a  granite  may  contain  grains  of  unaltered 
quartz. 

THAN  SPORTED  CLAT. 

Most  clays  are  not  deposited  in  the  localities  where  they  originated, 
but  have  been  transported  by  the  agency  of  water  or  of  ice.  Alluvial 
clay  is  that  which  has  been  transported  by  streams,  and  deposited 
along  their  courses,  on  their  flood  planes  or  in  the  basins  into  which 
they  flow. 

Another  type  of  transported  clay  is  glacial  clay.  During  the  gla- 
cial period  most  of  the  northern  part  of  America  was  covered  with 
ice  which  in  passing  over  the  surface  of  the  rocks  eroded  them.  The 
loose  sand,  gravel,  and  clay  were  carried  along  by  the  ice  and  depos- 
ited at  various  distances  from  their  original  sources. 

IMPURITIES  IN  CLAT. 

As  previously  stated,  pure  kaolin  is  rare.  Residual  clays  usually 
contain  unaltered  or  partly  altered  grains  of  the  parent  rock.  Trans- 
ported clay  may  be  freed  of  original  impurities,  but,  on  the  other 
hand,  impurities  may  be  added  in  transit. 

As  clays  are  commonly  formed  through  the  disintegration  of 
granites  and  related  rocks,  feldspar,  mica,  and  quartz  are  common 
impurities.  Feldspar  acts  as  a  flux  and  thus  lowers  the  fusion  point 
of  a  clay.  Mica  also  acts  as  a  flux,  but  fuses  at  a  slightly  higher 
temperature  than  feldspar.  Quartz  in  any  considerable  amount  is 
imdesirable  in  clay  to  be  emplo^^ed  for  making  cement. 
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Most  clay  contains  iron.  The  metal  may  be  present  as  the  oxide 
in  such  minerals  as  magnetite,  hematite,  and  limonite,  or  as  the  sul- 
phide in  the  mineral  pyrite. 

Calcium  and  magnesium  carbonates  are  conmion  constituents  of 
clay.  ,  As  pointed  out  on  a  previous  page,  a  high  proportion  of  cal- 
cium carbonate  may  be  present,  forming  a  cement  rock.  Magnesium 
carbonate  is  undesirable  except  in  small  amounts. 

Gypsum  or  calcium  sulphate  is  present  in  many  clays.  Its  presence 
may  increase  the  amount  of  sulphur  in  the  raw  mix  beyond  the  per- 
missible percentage. 

The  alkalies,  potash  and  spda,  are  commonly  present.  They  act 
as  iBiuxes,  tending  to  lower  the  fusion  point  of  the  clay. 

COMPOSITION  OP  CLAY  FOR  CEMENT  MANUFACTURE. 

In  judging  the  suitability  of  a  clay  for  making  cement,  the  condi- 
tion of  the  free  silica  should  be  noted  with  care.  Practically  all  clay 
contains  some  uncombined  silica  in  the  form  of  quartz  sand  or 
pebbles.  The  proportion  of  free  silica  should  be  low,  and  it  is  de- 
sirable that  the  sand,  if  present,  should  be  in  a  finely  divided  condi- 
tion. Meade*  claims  that  clay  containing  more  than  6  per  cent  of 
sand  in  grains  that  will  not  pass  through  a  100-mesh  sieve,  is  imsuit- 
able  for  cement  manufacture. 

The  ratio  between  the  silica,  alumina,  and  iron  contents  is  im- 
portant. The  ratio  of  silica  to  alumina  should  range  between  3  to  1 
and  4  to  1.  The  clay  should  not  contain  more  iron  oxide  than 
aliunina,  the  best  proportion  being  about  1  of  iron  oxide  to  3  of 
alumina.  The  sum  of  the  alumina  and  the  iron  oxide  contents  should 
not  be  more  than  one-half  the  silica  content,  and  the  nearer  it  ap- 
proaches one-third,  the  better.  If  the  percentage  of  aliunina  is  too 
high,  the  cement  sets  too  fast,  and  also  is  weak.  Plants  have  been 
known  to  suffer  heavy  financial  loss  through  the  rejection  of  inferior 
cement  on  account  of  the  clay  being  low  in  silica.  This  difficulty 
could  be  easily  overcome  by  adding  free  silica  in  some  form  to  the 
mixture. 

The  sum  of  the  silica  and  alumina  percentages  in  hydrous  clay 
should  not  exceed  87  per  cent,  thus  leaving  at  least  13  per  cent  for 
combined  water  and  fluxes  like  ferric  oxide,  potash,  and  soda.  The 
presence  of  these  fluxes,  especially  ferric  oxide,  promotes  the  forma- 
tion of  an  easily  fusible  magma.  The  lower  the  fusing  point  of  the 
magma  the  more  readily  will  the  cement  mixture  sinter  or  clinker, 
and  the  lower  will  be  the  cost  of  burning.  However,  the  content  of 
alkalies  should  not  be  more  than  3  per  cent,  as  an  excess  of  these  is 
likely  to  cause  unsoundness  and  quick  setting. 

•  Meade,  R.  K.,  Portland  cement,  2d  ed.,  1911,  p.  54. 
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SHALE  AND  SLATE. 
ORIGIN. 

Shale  consists  of  mud  or  clay  that  has  been  deposited  in  water  and 
subsequently  through  pressure  been  consolidated  into  rock.  The 
pressure  may  be  due  either  to  the  weight  of  overlying  rock  formed  by 
subsequent  deposition,  to  forces  to  which  the  rocks  were  subjected 
during  mountain-forming  periods,  or  to  both  of  these  causes  com- 
bined. Under  further  pressure  and  increased  temperature  the  shale 
may  be  changed  in  character  and  structure,  chemical  changes  may 
take  place,  recrystallization  be  brought  about,  and  a  perfect  cleavage 
or  fissility  developed.    The  resulting  rock  is  termed  slate. 

COMPOSITION. 

As  shale  is  merely  solidified  clay,  shale  to  be  used  for  cement  manu- 
facture should  conform  with  all  the  conditions  prescribed  for  clay. 
Slate  has  usually  undergone  some  recrystallization,  but  its  chemical 
composition  is  essentially  that  of  the  original  clay  from  which  it  was 
formed.  Hence,  all  that  has  been  stated  relative  to  impurities  and 
relative  proportions  of  clay  constituents  is  equally  applicable  to  shale 
and  slate. 

PHYSICAL  CHARACTERISTICS. 

Clay  is  usually  earthy,  but  shale  and  slate  are  more  firmly  consoli- 
dated and  inore  closely  resemble  hard  rocks  such  as  limestone  or 
cement  rock.  This  difference  in  physical  character  is  of  some  im- 
portance in  the  selection  of  suitable  material  for  cement.  Clay  is  the 
most  suitable  argillaceous  material  to  mix  with  marl,  as  the  two  ma- 
terials are  of  similar  physical  character.  If  clay  is  mixed  with 
coarsely  ground  limestone  the  two  materials  tend  to  segregate;  that 
is,  if  the  mixture  falls  in  a  stream  onto  a  conical  heap  below,  as  in 
filling  a  storage  bin  through  a  spout,  the  finely  divided  clay  tends  to 
remain  in  the  center  of  the  pile  and  the  limestone  fragments  to  roll  to 
the  sides.  This  separation  of  materials  tends  to  cause  lack  of  uni- 
formity when  the  mixture  is  drawn  from  the  bin.  If  shale  or  slate 
is  mixed  with  limestone  the  constituents  are  more  nearly  alike  in 
character  and  such  segregation  is  not  so  likely  to  occur.  It  is  better, 
therefore,  to  mix  substances  of  like  physical  characteristics — shale  or 
slate  with  limestone  or  cement  rock,  and  clay  with  marl. 

Where  limestone  deposits  are  close  to  slate  quarries,  waste  slate 
might  be  utilized  as  a  cement  constituent.  The  utilization  of  the 
waste  would  thus  be  beneficial  to  both  industries. 
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BLAST-FUBNACE  SLAG. 

True  Portland  cement  may  be  made  from  a  mixture  of  ground 
blast-furnace  slag  and  limestone  burned  together.  Slag  consists  es- 
sentially of  lime,  silica,  and  alumina,  with  small  contents  of  iron 
oxide,  magnesium,  an4  sulphur.  As  an  ingredient  for  cement  slag 
may,  therefore,  be  regarded  as  very  impure  limestone,  or  as  very 
calcareous  clay  from  which  the  carbon  dioxide  has  been  driven  off. 

The  suitability  of  a  blast-furnace  slag  as  a  cement  constituent  de- 
pends largely  on  the  nature  of  the  limestone  used  for  flux  in  the 
blast  furnace.  A  magnesium  limestone  or  dolomite  naturally  pro- 
duces a  slag  high  in  magnesium.  Hence  only  slags  from  furnaces  that 
employ  high-calcium  limestone  for  flux  can  be  used  for  making 
Portland  cement 


Coal  ashes  are  used  to  some  extent  to  replace  or  supplement  clay 
or  shale  in  cemert  mixtures.  It  is  claimed  by  one  company  that 
ashes  tend  to  decrease  the  rate  of  setting  in  the  finished  cement. 

COMBINATIONS  OF  RAW  MATEBIAIS. 

In  a  few  localities  cement  rock  has  been  found  that  contains  lime, 
silica,  alumina,  and  iron  oxide  in  almost  the  proper  proportions  for 
a  cement  mixture.  However,  such  rock  is  rare,  and  as  a  rule  a  mix- 
ture of  calcareous  and  argillaceous  materials  is  necessary.  The 
various  combinations  of  raw  materials  employed  in  cement  plants 
in  the  United  States  are  outlined  in  the  following  paragraphs. 

CEMENT  BOCK  AND  LIMESTONE. 

Most  of  the  cement  rock  now  used  in  the  Lehigh  district  is  so  low 
in  calcium  as  to  require  the  addition  of  a  small  amount  of  high- 
calcium  limestone.  In  some  quarries  suitable  limestone  is  found 
underlying  the  cement  rock,  whereas  for  others  it  must  be  shipped  in 
from  outside  points.  Cement  rock  and  limestone  are  also  available 
in  Virginia  and  in  some  of  the  Pacific  Coast  States,  but  are  not  used 
extensively. 

CEMENT  BOCK  AND  SHALE. 

In  a  few  quarries  in  the  Liehigh  district  and  in  one  quarry  near 
Glens  Falls,  N.  Y.,  the  cement  rock  contains  an  excess  of  calcium, 
and  the  addition  of  a  small  amount  of  shale  is  necessary. 
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HABD  LIMESTONE  AND  CLAY  OB  SHALE. 

As  stated  on  page  18,  hard  limestone  is  the  chief  calcareous  con- 
stituent of  Portland  cement  made  in  this  country.  The  combination 
of  hard  limestone  with  clay  or  shale  is  practiced  by  cement  plants 
in  many  States  and  in  widely  separated  localities.  The  substitution 
of  ashes  for  part  of  the  shale  has  been  mentix)ned. 

CHALKY  LIMESTONE  AND  CLAY. 

Chalky  limestone  is  easier  to  quarry  than  hard  limestone,  and 
carries  less  water  than  marl.  It  is  available  for  cement  manufacture 
in  three  localities:  (1)  Parts  of  Texas,  Oklahoma,  and  Arkansas; 
(2)  parts  of  Alabama  and  Mississippi ;  and  (3^)  parts  of  North  Da- 
kota and  South  Dakota. 

MAEL  AND  CLAY. 

Marl  and  clay  are  used  for  making  cement  in  Ohio,  Michigan, 
Indiana,  and  central  New  York. 

ALKALI  WASTE  AND  CLAY. 

Precipitated  calcium  carbonate  from  alkali  works  is  a  limited 
source  of  supply  as  a  cement  constituent  and  is  now  utilized  only  at 
Wyandotte,  Mich. 

SLAG  AND  LIMESTONE. 

Blast-furnace  slag  and  limestone  are  used  for  the  manufacture  of 
cement  in  Illinois,  Ohio,  and  Pennsylvania. 

OYSTEB  SHELLS  AND  CLAY. 

Oyster  shells,  which  have  about  the  same  composition  as  limestone, 
are  (see  p.  20)  employed  in  a  few  localities  where  the  supply  of  shells 
is  adequate. 

BELATIVE  IMPOBTANCE   OF  MATEBIALS  ITSED. 

Table  2,  compiled  by  Burchard,"  indicates  the  relative  importance 
of  the  chief  sources  of  raw  materials  for  the  period  1898  to  1914, 

inclusive. 

»         ^^'~~~         ■  -^^-^^      '     ^^^^^      ' 

•  Barchard.  E.  F.,  Cement:  Mineral  Resources  of  U.  S.  for  1914,  pt  2;  U.  S.  Geol. 
BiUT0y,  1916,  p.  232. 
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Table  2.~~Produclwn,  in  barreU,  and  percentage  Of  total  output  Of  Portland 
cement  in  the  United  Slatct  according  to  type  of  material  used,  1898-J9H- 
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PEOFOSTIONINa  THE  IdZTUEE. 


LmiTATIONS  OF  DISCUSSION. 

Meade  ■  has  discussed  the  proportioning  of  raw  materials  at  length, 
and  readers  particularly  interested  in  the  subject  may  consult  the 
publication  cited,  or  others  of  similar  character.  In  a  publication 
like  the  present  one,  dealing  primarily  with  the  process  of  winning 
the  raw  materials  from  the  earth,  the  principles  and  the  method  of 
obtaining  a  suitable  proportion  of  raw  materials  can  be  dealt  with 
only  in  a  general  way. 

JTEED  OF  DEFINITE  FBOPOBTIONS. 

In  discussing  the  composition  of  Portland  cement  it  has  beoi 
pointed  out  that  the  properties  of  cements  may  be  materially  changed 
by  very  small  variations  in  the  proportions  of  the  essential  elements. 
For  example,  cements  high  in  lime  or  silica  are  slow-setting,  whereas 
tiiose  high  in  alumina  are  quick-setting.  Variations  beyond  certain 
narrow  limits  may  cause  the  cement  to  be  of  poor  quality.  The 
cement  manufacturer  must,  therefore,  control  his  mixture  by  certain 
definite  rules. 

FOBMTTIAS  FOB  CALCUUATINO  MIXTURE. 

Certain  general  formulas  are  applicable  to  most  cement  materials, 

though  peculiarities  in  composition  may  require  minor  modifications. 

•  Moade,  B.  K.,  Portuod  cement,  Sd  ed..  1611,  pp.  69-»8. 
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The  Newberrys  *  based  their  formula  on  the  presumption  that  Port- 
land cement  consisted  of  tricalcic  silicate  and  dicalcic  aluminate. 
Tricalcic  silicate  (SCaO.SiOj)  consists  of  2.8  parts  of  lime  by  weight 
to  1  part  of  silica;  and  dicalcic  aluminate  (2CaO.SiOi),  1.1  parts  of 
lime  by  weight  to  1  part  of  alumina.  The  maximum  permissible  per- 
centage of  lime,  then,  is  equal  to  the  sum  of  the  percentage  of  silica 
multiplied  by  2.8  plus  the  percentage  of  alumina  multiplied  by  1.1. 

The  following  rule  was  deduced :  Multiply  the  percentage  of  silica 
by  2.8,  and  the  percentage  of  alumina  by  1.1,  add  the  products,  and 
the  sum  will  be  the  number  of  parts  of  lime  required  for  100  parts 
of  clay. 

As  2.8  parts  of  lime  correspond  to  5  parts  of  lime  carbonate, 
and  1.1  parts  lime  correspond  to  2  parts  of  lime  carbonate,  it  fol- 
lows that  five  times  the  percentage  of  silica  plus  twice  the  percentage 
of  alumina  equals  the  number  of  parts  of  carbonate  of  lime  required 
for  100  parts  of  clay. 

It  has  been  established  that  the  ratio  between  the  percentage  of 
lime  and  the  combined  percentages  of  silica,  alumina,  and  iron  should 
be. within  the  limits  1  to  1.8  and  1  to  2.2.  Many  chemists  assume  a 
fixed  ratio  of  2,  though  others  obtain  better  results  by  slightly 
increasing  or  decreasing  this  ratio. 

After  tiie  raw  clay  and  limestone  have  been  analyzed  the  propor- 
tions of  each  necessary  for  any  given  ratio  may  be  determined  as 
follows: 

Let— 

M  =the  ratio  of  lime  to  siUca,  alumina,  and  Iron ; 

S  =the  oxides  of  silica,  alumina,  and  iron  in  the  clay ; 

S  i=tlie  oxides  of  silica,  alumina,  and  iron  In  the  limestone; 

G  =the  calcium  oxide  in  the  limestone ; 

Ca=the  calcium  oxide  in  the  clay. 

Then— 

Limestone    MS— 0| 
Clay     ""C-MSi' 

The  chief  defect  of  this  formula  is  that  the  relative  proportions 
of  silica,  alumina,  and  iron  oxide  are  not  taken  into  consideration, 
but  for  dealing  with  well-balanced  raw  materials  it  is  satisfactory. 
More  accurate  methods  for  calculating  these  proportions  are  given 
by  various  authors. 

CAIiCTTIiATION  ON  BASIS  OP  FIXED  LIME  STANDABD. 

A  formula  such  as  the  one  given  is  used  to  determine  the  best 

mixture  of  any  given  raw  materials  and  to  check  the  mixture  from 

■  '  '    '     .  '■  ^— ^^ 

•Newberry,  S.  B.,  and  Newberry,  W.  B.,  The  constitution  oX  liydraulic  cements,  1897, 
p.  7. 
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time  to  time.  However,  the  "  fixed  lime  standard  "  is  found  to  be 
more  practical  in  actual  millwork.  After  experience  has  shown  that 
a  certain  percentage  of  lime  carbonate  gives  satisfactory  results,  the 
operator  maintains  this  lime  standard  as  nearly  as  possible,  on  the 
assumption  that  the  ratio  of  other  constituents  is  approximately  self- 
adjusting.  The  method  is  satisfactory  where  the  raw  materials  are 
of  fairly  constant  composition,  but  if  marked  fluctuations  in  compo- 
sition are  likely  to  occur  the  mixture  should  be  checked  frequently 
by  the  application  of  a  more  accurate  formula. 

In  the  Lehigh  district  the  percentage  of  carbonate  of  lime  in  the 
raw  mixture  varies  from  74.5  to  75.5,  and  as  the  limestone  and 
cement  rock  are  of  fairly  constant  composition,  the  fixed  lime  stand- 
ard is  in  common  use. 

Meade"  gives  the  following  simple  formulas  for  determining  the 
proper  mixture  on  this  basis.  The  first  formula  is  for  determining 
the  percentage  of  limestone  to  be  added  to  a  given  cement  rock  or  clay 
to  make  a  given  mixture. 

Letr- 

jr=percentage  of  limestone  necessary, 
L=percentage  of  CaCO»  in  Umestone, 
R=percentage  of  CaCO«  in  cement  rock  or  clay, 
M=percentage  of  CaCOs  desired  in  mixture, 

Then— 

-.     M-R 


L-M 


XlOO 


The  second  formula  is  for  determining  the  percentage  of  shale  or 
clay  to  be  added  to  a  given  marl  or  limestone  to  make  a  given  mix- 
ture, and  is  as  follows : 

Let^ 

X=percentage  of  clay  or  shale  necessary, 
C=percentage  of  CaO-ln  clay  or  shale, 
L=percentage  of  GaO  In  marl  or  limestone, 
M= percentage  of  CaO  in  desired  mixture. 

Then— 


The  addition  of  certain  substances  to  promote  combination  of 
silica  and  lime  in  the  kiln  is  necessary  in  certain  plants  working  on 
poor  raw  materials,  such  as  cherty  limestone  or  high-silica  and  low- 
alumina  clay.  The  common  fluxes  used  in  cement  making  are  iron 
oxide,  fluorspar,  cryolite,  and  certain  alkaline  compounds.     Where 


•  Meade,  R.  K.,  work  cited,  p.  80. 
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fairly  good  raw  materials  are  available,  the  use  of  fluxes  usually 
should  be  avoided,  as  the  disadvantages  may  more  than  outweigh 
the  advantages. 

PROCESSES  OF  MANUFACTURE. 

NATTIRAL  CEMENT. 

The  cement  rock  used  for  the  manufacture  of  natural  cement  re- 
quires no  pulverizing  or  mixing  prior  to  burning.  It  is  burned  in 
vertical  kilns  similar  to  those  employed  in  lime  burning,  though 
usually  larger.  The  kilns  are  operated  continuously,  the  rock  and  fuel 
being  fed  in  at  the  top,  mixed  together  or  in  alternating  layers.  The 
stone  is  burned  at  a  temperature  a  little  higher  than  that  employed  in 
lime  burning.  The  burned  stone,  or  clinker,  is  drawn  from  the  bot- 
toms of  the  kilns,  cooled,  and  ground  to  powder. 

POETLAND  CEMENT. 

During  the  early  period  of  the  Portland  cement  industry  all  Euro- 
pean and  American  plants  used  the  wet  process  only.  As  stationary 
kilns  were  used  the  material  had  to  be  wetted  and  molded  into  bricks 
to  give  a  free  draft  in  the  kiln. 

With  the  introduction  of  the  rotary  kiln  the  dry  process  was  made 
practicable.  The  dry  process  involves,  first,  the  crushing  and  drying 
of  the  limestone  or  cement  rock  and  the  addition  of  the  necessary 
amoimt  of  clay,  shale,  or  limestone,  whichever  is  used,  these  being  also 
crushed  and  dried.  The  mixture  is  then  finely  pulverized.  With  ce- 
ment rock  satisfactory  results  are  obtained  if  the  material  is  suffi- 
ciently pulverized  that  85  per  cent  passes  through  a  100-mesh  sieve.  If 
limestone  and  shale  are  used,  finer  grinding  is  necessary ;  for  the  best 
results,  95  to  98  per  cent  should  pass  through  a  100-mesh  sieve.  The 
properly  proportioned  and  finely  pulverized  mixture  is  then  fed  into 
the  kilns. 

In  the  wet  process  the  materials  are  mixed  and  usually  pulverized 
in  a  wet  condition.  The  mixture  known  as  "  slurry,"  having  the  con- 
sistency of  thin  mud,  is  fed  by  pumps  or  by  screw  conveyors  into 
tanks,  where  it  is  throughly  mixed  either  by  mechanical  or  air  agi- 
tation. The  mixture  enters  the  kilns  as  slurry,  the  water  being  driven 
off  by  evaporation  in  the  upper  part  of  the  kilns. 

Modern  rotary  kilns  are  5  to  9  feet  in  diameter  and  60  to  200  feet 
long,  the  longer  kilns  representing  a  more  modem  development. 
They  are  cylindrical  in  form  and  are  made  of  sheet  steel  lined  with 
fire  brick.  They  slope  gently  downward  toward  the  firing  end.  Fuel 
consisting  of  powdered  coal,  gas,  or  oil  is  blown  in  through  a  small 
pipe  at  the  lower  end  of  the  kiln.    The  cement  mixture  is  fed  in  at  the 
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upper  end,  and  as  the  kiln  rotates  slowly  the  mixture  works  its  way 
toward  the  lower  end,  where  it  is  discharged  as  clinker  burned  to  the 
point  of  incipient  vitrification. 

The  clinker  is  cooled  and  seasoned  for  some  time  before  grinding. 
Two  to  3  per  cent  of  retarder,  usually  gypsum,  is  added  to  the  clinker 
to  prevent  too  rapid  setting  of  the  cement,  and  the  mixture  is  pulver- 
ized and  conveyed  to  the  stock  house.  To  prepare  for  shipment,  the 
cement  is  packed  in  barrels  of  380  pounds,  or  bags  of  95  pounds,  each. 
Automatic  packing  devices  are  in  common  use. 

PROSPECTING. 

TTEED  OF  THOEOirOH  FBOSFECTIHO. 

It  is  extremely  unwise  to  begin  quarrying  rock  for  cement  manu- 
facture  without  first  driving  enough  prospect  holes  to  determine 
whether  a  sufficient  supply  of  material  is  available.  The  opening  of 
a  new  quarry  involves  considerable  expense  for  equipment  and  labor, 
and  should,  therefore,  not  be  undertaken  without  definite  assurance 
of  practical  operation. 

CHEMICAL  COMPOSITION  OF  RAW  MATERIALS. 

The  matter  of  supreme  importance  to  the  cement  manufacturer  is 
the  chemical  composition  of  the  rock.  In  this  respect  there  is  a  wide 
difference  between  prospecting  for  rock  to  be  used  in  making  cement 
and  for  rock  to  be  used  for  structural  purposes.  When  rock  is  to 
be  quarried  for  building  purposes,  the  soundness,  color,  texture,  and 
condition  of  cementation  are  of  more  consequence  than  the  chemi- 
cal composition.  On  the  other  hand,  the  physical  properties  of 
rock  quarried  for  cement  manufacture,  although  they  may  have  con- 
siderable influence  on  the  method  of  blasting,  are  secondary  in  im- 
portance to  chemical  composition. 

In  prospecting  to  determine  the  suitability  of  a  deposit  of  day, 
limestone,  or  cement  rock,  for  cement  manufacture  the  deposit  should 
be  sampled  carefully  and  systematically  in  order  that  the  samples 
may  fairly  represent  the  entire  deposit.  The  less  homogeneous  the 
deposit  is,  the  more  samples  should  be  taken  and  the  more  carefully 
should  the  work  be  done.  Neglect  to  make  a  proper  preliminary 
examination  of  a  deposit  of  either  clay  or  limestone  before  beginning 
quarrying  may  result  in  the  loss  of  thousands  of  dollars.  The  sub- 
stances that  must  be  most  carefully  avoided  are  magnesium  and  free 
silica,  although  small  percentages  of  either  may  usually  be  safely 
allowed. 
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INTEBEELATION  OF  VABIOUS  CONSTITUENTS. 

In  determining  the  suitability  of  raw  cement  materials  the  com- 
position of  the  limestone  or  marl  and  that  of  the  day  or  shale  must 
not  be  considered  alone,  for  each  must  be  considered  in  its  relation 
to  the  other.  Raw  cement  material  usually  consists  of  a  mixture  of 
two  substances,  and  a  deficiency  in  one  may  be  compensated  by.  a 
corresponding  excess  in  the  other.  Thus  a  low  silica  shale  may  be 
satisfactory  when  mixed  with  a  siliceous  limestone. 

In  limestone  the  proportion  of  silica  and  alumina  to  calcium  may 
vary  widely  and  still  the  rock  may  be  satisfactory.  Thus  limestone 
having  as  high  as  98  or  99  per  cent  calcium  carbonate  may  be  satis- 
factory if  the  necessary  shale  or  clay  to  mix  with  it  is  readily  avail- 
able. On  the  other  hand,  the  rock  may  be  very  low  in  calcium — it 
may  even  contain  less  calcium  than  is  necessary  for  a  cement  mix- 
ture— and  still  be  satisfactory  if  high-calcium  limestone  to  mix 
with  it  is  available.  Hence  considerable  latitude  may  be  permitted 
in  the  composition  of  the  main  rock  mass,  the  limits  of  variation  be- 
ing governed  by  the  availability  of  the  raw  material  that  must  be 
added  in  order  to  give  the  proper  mix. 

METHODS  OF  PEOSPECTINO  FOB  CLAT. 

Bleininger"  suggests  that  in  sampling  clay,  if  samples  taken  from 
an  outcrop  show  a  satisfactory  composition,  the  surface  should  be 
removed  and  samples  taken  from  within  the  bank.  If  further  out- 
crops of  the  same  deposit  can  be  found  they  should  all  be  sampled. 
The  area  comprising  the  clay  deposit  should  then  be  surveyed  and 
divided  into  squares  whose  sides  should  range  between  50  and  100 
feet  in  length,  depending  on  the  thickness  of  the  deposit.  If  the 
deposit  is  thin  and  covers  a  wide  area  the  squares  should  be  larger 
than  where  it  is  thick.  At  the  center  of  every  square  a  test  hole 
should  be  drilled  and  the  material  brought  up  by  the  drill  put  aside 
for  analysis. 

If  the  clay  is  reasonably  soft  and  free  from  stones,  the  drilling 
may  be  done  with  a  soil  auger.  For  harder  material  a  simple  type 
of  chum  drill,  operated  either  by  hand  or  by  power,  may  be  employed. 

EXAMPLES  OF  INSUFFICIENT  PBOSPECTINO. 

As  an  example  of  loss  due  to  insufficient  prospecting,  attention  may 
be  directed  to  a  certain  Pennsylvania  quarry  where  a  depth  of  10  to 
16  feet  of  overburden  was  removed  from  a  considerable  area  of  rock, 
and  it  was  subsequently  found  that  the  rock  was  useless  for  the  manu- 

• 

•  Bleininger,  A.  V.,  The  manufacture  of  hydraulic  cements :  Geol.  Survey  of  Ohio,  ser. 
4,  BulL  3,  1904,  p.  103. 
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facture  of  cement.  The  drilling  of  a  single  hole  would  have  revealed 
the  inferior  nature  of  the  rock  and  thus  saved  the  expense  of  useless 
stripping. 

AVAUABIIITT  OF  EOCK  lEDOE. 

Next  in  importance  to  the  composition  of  the  rock  is  its  availability 
for  quarrying.  The  thickness  and  character  of  the  overburden,  and 
the  effect  of  continued  development  on  the  depth  of  overburden, 
should  be  carefully  ascertained.  The  relation  of  the  thickness  of 
available  stone  to  depth  of  overburden  is  important,  for  thin  beds 
would  necessitate  wide  lateral  development  and,  therefore,  the  re- 
moval of  relatively  much  more  stripping  than  where  deep  quarrying 
may  be  employed. 

If  limestone  and  shale  quarries  are  not  close  together,  it  is  desirable 
to  build  the  mill  near  the  limestone  quarry,  as  about  three  or  four 
parts  of  limestone  are  used  to  one  part  of  shale. 

UTILIZATION  OF  GRAVITY  SYSTEMS. 

The  quarry  and  the  cement  plant  should,  if  possible,  be  so  situated 
that  the  raw  materials^can  be  conveyed  to  the  plant  and  pass  through 
each  process  to  the  final  bagging  and  packing  by  means  of  a  gravity 
system.  If  the  materials  must  be  raised  repeatedly  to  higher  levels, 
much  power  is  required,  whereas  if  the  materials  can  be  moved  by 
gravity  the  cost  of  production  may  be  greatly  reduced. 

Quarries  should,  wherever  possible,  be  so  located  that  their  floors 
lie  above  drainage  leveL 


QUAEEY  METHODS  AND  EQXnPMENT. 

OENEBAL  METHOD. 

The  raw  materials  for  the  manufacture  of  cement  are  excavated  by 
three  different  methods,  quarrying,  mining,  and  dredging. 

Open-pit  quarrying  is  the  method  most  commonly  employed.  It 
is  claimed  that  about  85  per  cent  of  all  the  raw  material  used  in  the 
manufacture  of  cement  is  quarried.  Mining  of  cement  material  is  a 
modification  used  where  the  overburden  is  so  thick  that  stripping 
would  not  be  practicable.  Dredging  is  employed  in  the  removal  of 
marl  from  lake  bottoms. 

FACTOBS  GOVEBNINO  PLAN  OF  QUASETINa. 

The  plan  of  quarry  development  that  will  give  the  best  results  is 
governed  by  the  depth  of  stripping,  the  thickness  and  attitude  of  the 
beds,  the  structure  of  the  rock,  and  the  uniformity  of  its  chemical 
composition  in  the  same  and  in  successive  beds. 

If  the  overburden  is  thick,  deep  quarrying  should  be  pursued  if 
conditions  will  permit,  for  thus  the  maximum  quantity  of  rock  is 
obtained  for  a  minimum  of  stripped  surface.  If  the  good  rock  is  not 
thick  enough  to  make  deep  excavation  possible,  cheap  methods  of 
stripping  must  be  employed  to  make  quarrying  profitable. 

Where  the  overburden  is  thin  and  a  great  thickness  of  rock  is 
available,  the  depth  to  which  the  quarry  may  be  worked  is  a  matter 
of  choice.  The  quarryman  should  seek  to  develop  a  quarry  face  of 
the  height  that  can  be  worked  the  most  cheaply.  Usually  a  face 
80  feet  high  or  higher  is  more  cheaply  quarried  than  one  less  than 
30  feet  in  height. 

If  the  beds  are  flat  the  direction  of  the  quarry  walls  is  influenced 
only  by  surface  contour,  by  structural  features  such  as  joint  planes, 
or  by  the  most  convenient  situation  for  transportation  lines.  How- 
ever, for  steeply  inclined  beds  it  is  usually  better  to  make  the  quarry 
face  at  right  angles  to  the  strike  of  the  beds  and  thus  cut  across 
successive  strata.  When  the  face  is  in  this  direction  the  rock  is 
more  easily  blasted  and  a  more  uniform  mixture  is  obtained. 

Every  quarry  plan  is  influenced  more  or  less  by  drainage  con- 
ditions. If  a  large  flow  of  water  is  encountered,  automatic  drainagL' 
at  a  high  level,  leaving  sufficient  rock  face  above  water  level,  would 
discourage  deep  quarrying  which  involved  excessive  pumping. 

46723'*— 18 3  33 
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In  beds  dipping  at  a  low  angle  it  is  usually  wise  to  quarry  in  such 
a  manner  that  the  face  is  moved  up  the  dip.  By  this  method  drain- 
age from  the  face  is  insured,  the  rock  is  thrown,  down  and  loaded 
more  easily  than  when  worked  in  the  opposite  direction,  and  the 
loaded  cars  may  be  partly  or  entirely  moved  by  gravity. 

In  choosing  a  suitable  level  for  a  bench  or  quarry  floor  in  a  rock 
deposit  where  the  beds  are  approximately  horizontal,  the  operator 
should  be  governed  chiefly  by  the  position  of  open  bedding  planes. 
Such  planes  promote  effective  blasting  and  also  make  a  smooth  floor, 
which  greatly  simplifies  the  laying  of  tracks  and  the  loading  of  rock. 

Where  the  strata  are  extremely  folded  and  contorted  with  syn- 
clines,  anticlines,  and  faults  the  process  of  quarrying  may  be  more 
complicated.  Especially  is  this  the  case  where  dolomite  and  lime- 
stone are  interbedded  as  in  a  certain  Georgia  quarry.  In  that  quarry 
the  beds  are  folded,  have  irregular  axes,  and  the  structure  is  com- 
plicated by  faults.  The  dolomite,  in  general,  forms  the  axes  of  the 
anticlines  and  is  interbedded  with  the  limestone  at  various  levels. 
It  is  a  difficult  matter  to  quarry  this  rock  in  such  a  way  as  to  avoid 
the  dolomite.  The  method  used  is,  in  general,  to  maintain  a  quarry 
face  at  right  angles  to  the  axes  of  the  folds  and  to  work  out  the 
synclines.  The  dolomite,  however,  occurs  in  many  unexpected  places, 
and  the  problem  is  therefore  beset  with  many  uncertainties.  The 
writer  is  confident  that  working  out  of  the  structural  relations  of  the 
dolomite  and  the  limestone  by  a  competent  geologist,  and  careful 
mapping  of  the  quarry  area  would  be  of  immense  value  to  the  com- 
pany. Cross  sections  showing  the  relation  of  the  dolomite  to  the 
limestone  and  the  position  and  throw  of  faults  would  be  of  especial 
value.  At  many  quarries  geologic  study  and  the  careful  preparation 
of  maps  would  probably  be  of  great  help  in  laying  out  and  develop- 
ing the  quarry.  In  such  investigations  emphasis  should  be  placed  on 
the  relation  of  good  rock  to  impure  rock.  As  far  as  practicable  the 
position  of  each  in  the  deposit  should  be  ascertained  in  order  that  a 
plan  of  development  may  be  worked  out  by  which  the  good  rock  may 
be  obtained  and  the  defective  material  avoided. 

POWER. 

Quarry  drills  are  commonly  operated  by  compressed  air,  steam,  or 
electricity  obtained  from  the  central  power  house  of  the  cement 
plant.  Where  the  quarry  is  situated  at  a  considerable  distance  from 
the  cement  plant  a  separate  power  plant  may  be  neccvssary.  Shovels 
for  loading  rock  or  overburden  may  be  operated  by  electricity,  com- 
pressed air,  or  steam.  The  steam  shovel  is  the  more  common  type, 
and  coal  is  almost  invariably  used  for  fuel.  The  power  cost  depends 
largely  on  the  availability  of  a  coal  supply.     In  one  of  the  Ohio 
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quarries  visited,  a  thin  bed  of  coal  beneath  the  limestone  supplied 
fuel  for  the  steam  shovels. 

In  quarries  of  wide  extent,  situated  in  localities  where  the  winters 
are  severe,  the  loss  of  power  in  long  steam  lines  may  be  consid- 
erable. If  it  is  found  advisable  to  use  steam  for  drills  in  such 
quarries,  power  losses  may  be  minimized  by  establishing  several 
small  boiler  houses  near  the  drilling  operations  rather  than  convey- 
ing the  steam  long  distances  from  a  central  generating  plant. 

A  detailed  discussion  of  power  plants  is  not  within  the  scope 
of  this  bulletin.  Much  useful  information  may  be  obtained  by  con- 
sulting the  work  of  Brunton  and  Davis.* 

STRIPPING. 

NATUBE  AND  EXTENT  OF  OVEBBUBBEN. 

Stripping  or  removal  of  overburden  is  a  very  variable  factor  in 
quarrying.  Some  deposits  are  exposed  and  no  stripping  is  neces- 
sary. In  other  places  the  removal  of  40  to  50  feet  of  cover  may  be 
necessary,  whereas  a  depth  in  excess  of  60  feet  is  conmion.  As  a 
rule  no  attempt  is  made  to  remove  such  excessive  overburden.  The 
rock  deposit  is  either  classed  as  unavailable  or  tunnel  methods  of 
quarrying  may  be  employed. 

The  overburden  may  consist  of  clay,  sand,  gravel,  or  a  mixture  of 
these  substances,  and  may  contain  bowlders  of  various  sizes.  It  may 
be  soft  and  easily  excavated  by  hand  or  with  a  steam  shovel  or  it 
may  be  so  hard  that  blasting  is  necessary.  All  these  factors  must 
be  considered  in  determining  the  best  means  of  removal. 

OVEBBUBDEN  QUABBIED  WITH  BOCK 

The  chemical  composition  of  the  overburden  is  of  considerable 
importance.  If  the  underlying  rock  is  a  high-calcium  limestone 
requiring  the  addition  of  clay  or  shale,  it  is  possible  that  the  over- 
burden may  be  used  as  a  constituent  of  the  raw  mix.  tinder  such 
conditions  stripping  may  not  be  necessary.  Instances  have  been 
observed  where  a  depth  of  2  to  4  feet  of  clay  or  weathered  shale  is 
not  removed  from  the  rock  surface,  but  is  shot  down  and  loaded 
with  the  rock.  There  are  two  objections  to  this  process  which  con- 
demn it  in  the  minds  of  some  operators.  First,  in  wet  weather  the 
clay  makes  the  rock  muddy  and  difficult  to  handle  and  crush,  par- 
ticularly where  gyratory  crushers  are  employed.  In  the  second  place, 
the  presence  of  large  quantities  of  clay,  which  are  often  imperfectly 
mixed  with  the  rock,  makes  it  difficult  for  the  chemist  to  maintain  a 
uniform  mixture. 


■Brnnton,  D.  W.,  and  Davis,  J.  A.,  Safety  and  efficiency  in  mine  tunneling:  Bull.  57, 
Bureau  of  Mines,  1914,  pp.  46-78. 
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It  is  doubtful  whether  shooting  down  a  thickness  of  2  to  4  feet 
of  clay  with  the  rock  is  advisable.  However,  the  fact  that  clay  is  one 
of  the  constituents  commonly  added  to  limestone  to  make  cement 
obviates  the  necessity  for  clean  stripping  in  many  places,  and  thus 
relieves  the  quarryman  of  an  operation  which  is  usually  tedious  and 
costly. 

Where  the  depth  of  overburden  varies  in  different  parts  of  the 
quarry,  the  feasibility  of  shooting  down  the  overburden  with  the 
rock  depends  to  some  extent  on  the  method  of  quarrying.  In  one 
Kansas  quarry  the  overburden  varies  in  thickness  in  different  parts 
of  the  quarry  from  a  few  inches  to  10  feet.  At  one  time  the  over- 
burden was  shot  down  with  the  rock.  Hand-loading  methods  were 
then  employed,  and  while  some  cars  were  loaded  with  an  excessive 
amount  of  earth,  others  from  that  part  of  the  quarry  where  the  over- 
burden was  thin  were  loaded  almost  entirely  with  rock.  By  send- 
ing the  cars  to  the  crusher  in  proper  order  a  uniform  mix  was  main- 
tained. Later  a  steam  shovel  was  introduced  for  loading  rock  in  the 
quarry,  hence  the  rock  could  be  taken  only  from  one  part-  of  the 
quarry  at  one  time.  If  the  overburden  at  that  place  was  thick  the 
proportion  of  clay  loaded  with  the  rock  would  be  altogether  too  high. 
Therefore  it  was  found  necessary  to  put  another  steam  shovel  on  the 
surface  and  strip  the  rock  mass.  Rock  quarried  from  all  parts  of  the 
face  was  then  relatively  free  from  clay,  the  necessary  amount  of  clay 
or  shale  being  added  at  the  cement  plant. 

Where  it  is  desired  to  use  the  rock  without  admixture  with  strip- 
ping, the  surface  should  be  stripped  back  far  enough  from  the  face 
to  prevent  masses  slipping  into  the  pit.  An  instance  was  observed 
where  soil  had  slipped  into  the  quarry  and  was  later  removed  by  the 
slow  and  tedious  hand-shovel  and  dump-cart  method.  It  is  much 
better  to  employ  the  most  efficient  stripping  means  possible,  and  to 
strip  a  fairly  wide  surface  ahead'of  rock-quarrying  operations. 

In  several  quarries,  notably  in  lUinjois  and  Kentucky,  a  shale  bed 
underlies  good  limestone,  and  when  the  limestone  is  removed  in 
quarrying,  the  shale  is  rendered  available. 

CONDITIONS  OOVEBNINO  METHOD  OF  BEMOVAL. 

In  choosing  the  cheapest  method  for  stripping  a  number  of  factors 
must  be  considered.  If  a  great  quantity  of  material  must  be  re- 
moved, rapid  and  efficient  means,  such  as  a  steam  shovel,  should  be 
employed,  whereas  a  thin  overburden  may  justify  the  use  of  more 
inexpensive  equipment,  although  the  cost  per  ton  of  stripping  might 
be  larger. 

Much  depends  on  the  nature  of  the  rock  surface.  If  it  has  chan- 
nels and  pockets  filled  with  clay  or  other  material,  removal  of  this 
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material  with  machinery  may  be  difficult,  and  the  use  of  slower 
and  less  efficient  hand  methods  may  be  necessary.  Conditions  be- 
come more  complicated  if  the  pockets  contain  masses  of  rocks. 

The  firmness  or  solidity  of  the  overburden  also  influences  the 
method.  In  some  quarries  the  material  may  be  readily  removed  with 
shovel,  scraper,  or  clam-shell  bucket  without  previous  loosening, 
whereas  in  other  places  blasting  may  be  necessary.  The  availability 
to  a  suitable  dumping  place  governs  to  a  considerable  extent  both  the 
method  of  excavation  and  of  transportation.  Water  supply  and 
drainage  are  factors  of  extreme  importance  where  hydraulic  methods 
are  contemplated. 

METHODS  EMPLOYED. 
HAND  LOADING  INTO  DUMP  CABTS. 

Hand  shovels  and  dump  carts  are  employed  at  some  quarries  where 
the  amount  of  material  to  be  removed  is  limited,  and  also  at  some 
quarries  where  the  overburden  is  thick,  but  where  the  irregular  rock 
surface  discourages  the  use  of  steam  shovels  or  other  mechanical 
devices.  In  many  instances  clay  could  probably  be  removed  more 
cheaply  from  large  pockets  with  a  clam-shell  bucket  than  by  hand 
loading.  Hand  loading  is  expensive,  a  cost  of  30  cents  or  more  a  yard 
being  common,  hence  this  method  should  be  avoided  wherever 
possible. 

TEAMS  AND  SCRAPERS. 

Where  a  thin  overburden  miist  be  removed  from  a  wide  surface 
and  the  dumping  place  is  convenient,  teams  and  scrapers  may  be 
used.  Where  removal  to  a  considerable  distance  is  necessary,  the 
material  is  sometimes  rehandled.  At  one  Iowa  quarry  the  soil  was 
taken  in  scrapers  to  an  elevated  platform,  dumped  through  an  open- 
ing into  dump  carts,  and  hauled  away  with  horses.  By  using  wheel 
scrapers  rehandling  could  have  been  avoided. 

DRAG-LINE  SCRAPERS. 

A  drag-line  scraper  equipment  used  for  stripping  in  a  Kentucky 
sandstone  quarry  is  described  in  Bulletin  124.*  An  interesting  modi- 
fication of  the  method  was  observed  in  a  Pennsylvania  quarry.  One 
of  the  conditions  usually  considered  necessary  for  successful  opera- 
tion of  a  drag-line  scraper  is  a  near-by  place  of  disposal,  preferably 
at  a  lower  level  than  the  area  being  stripped.  At  this  quarry  the 
stripped  material  had  to  be  hauled  in  cars  to  the  dumping  ground, 

« Bowles,   Oliver,   Sandstone  quarrying  in  the   United  States ;   Bull.   124,   Bureau   of 
Mines,  1917,  pp.  29,  30. 
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which  was  some  distance  away.  A  single  scraper  of  J-yard  capacity, 
working  on  a  drag  line,  stripped  the  soil  back  from  the  face.  The 
loaded  scraper  was  dragged  up  a  plank  incline  onto  a  trap'door  in  the 
platform  at  the  upper  end  of  the  incline.  The  trap  door  dropped 
under  the  weight  of  the  load  and  dumped  the  soil  into  a  car  on  a  track 
below.  The  incline  and  the  platform  could  be  shifted  laterally  as  re- 
quired. Two  men  were  employed  to  guide  the  scraper  during  load- 
ing, and  part  of  the  time  of  another  man  was  required  to  control  the 
cable  and  place  the  scraper  in  position.  The  entire  operation  of  load- 
ing required  only  four  men,  and  part  of  the  time  of  a  fifth.  Except 
for  the  engine  runner,  the  men  were  all  unskilled  laborers.  The  ma- 
terial was  handled  rapidly  and  the  cost  of  loading  was  said  to  be 
about  3  cents  a  cubic  yard.  The  loaded  cars  were  hauled  by  cable 
to  the  dumping  ground.  The  method  seemed  to  be  cheap  and  effi- 
cient. 

In  some  quarries  a  scraper  or  bucket  is  lowered  from  the  arm  of 
a  derrick  and  is  loaded  by  hauling  it  toward  the  derrick  with  a  hori- 
zontal cable  wound  on  a  drum.  When  full  it  is  hoisted,  swung  over 
a  car  by  the  derrick  arm,  and  dumped.  No  figures  have  been  ob- 
tained indicating  the  efficiency  of  the  method. 

STEAM   SHOVEL. 

For  removing  large  masses  of  material,  a  steam  shovel  is  probably 
the  most  practical  and  efficient  means.  As  the  first  cost  of  a  steam 
shovel  is  high,  to  purchase  one  is  imwise  except  where  stripping  is  to 
be  on  a  reasonably  extensive  scale.  The  nature  of  the  rock  surface 
also  has  a  marked  influence  on  the  success  of  steam-shovel  operations. 
In  many  limestone  deposits  the  surface  is  eroded  into  deep  channels 
and  cavities  which  have  been  filled  with  soil.  It  is  difficult,  or  im- 
possible, to  remove  the  material  from  such  pockets  with  a  steam 
shovel,  also  great  difficulty  may  be  encountered  in  laying  tracks  on 
the  uneven  surface.  If  the  surface  is  irregular  and  the  overburden  is 
thin,  a  steam  shovel  should  not  be  employed.  On  the  other  hand,  if 
the  rock  has  a  smooth  and  uniform  surface,  a  steam  shovel  may  be 
operated  efficiently,  even  if  the  overburden  is  only  2  or  3  feet  thick. 

The  usual  method  of  stripping  with  a  steam  shovel  is  to  load  the 
material  into  side-dump  cars  and  haul  them  with  a  locomotive  in 
trains  of  6  to  20  cars  to  a  near-by  dumping  ground.  Loading  into 
dump  wagons  has  been  noted,  but  a  large  number  are  needed  to  keep 
the  shovel  working.  The  use  of  wagons  may  be  justified  for  a  limited 
period  of  time  if  it  is  desired  that  the  stripped  material  should  be 
placed  where  laying  a  track  is  not  feasible. 
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Waiting  for  empty  cars  is  one  of  the  chief  causes  of  poor  steam- 
shovel  efficiency.  This  may  be  due  to  lack  of  cars  or  locomotives,  or 
to  inadequate  trackage^  facilities.  At  one  quarry  visited,  in  order  to 
avoid  unnecessary  loss  of  time,  a  train  of  empties  stood  on  a  siding 
ready  to  be  shifted  into  place  as  soon  as  the  loaded  cars  were  re- 
moved. 

Periods  when  cars  are  not  available  may  be  usefully  employed 
in  moving  the  shovel.  In  one  New  York  quarry  sufficient  material  for 
one  train  load  could  be  reached  from  one  position  of  the  shovel. 
While  the  loaded  cars  were  being  hauled  away,  the  shovel  was  moved 
to  a  new  position  and  was  ready  for  loading  another  train  as  soon  as 
the  empties  returned. 

Where  the  stripping  is  thin,  much  time  may  be  lost  in  frequent 
moving  of  the  shovel.  When  a  full  train  load  can  not  be  obtained 
from  one  position  of  the  shovel,  poor  efficiency  must  result  if  locomo- 
tives and  train  crews  are  thus  kept  in  idleness.  Under  such  condi- 
tions it  may  be  wise  to  let  the  train  crews  work  elsewhere  while  the 
steam  shovel  "casts  over"  a  cut  the  entire  length  of  the  face. 
"Casting  over"  is  a  quarryman's  term  for  making  a  cut  with  a 
steam  shovel  and  depositing  the  material  on  the  bank,  thus  forming 
a  long  ridge.  When  the  next  cut  is  made,  a  double  amount  of  ma- 
terial is  available  from  each  position,  and  train  crews  are  not  kept 
idle  while  the  shovel  is  being  moved.  Where  the  overburden  is  very 
thin,  "  casting  over  "  may  be  repeated  two  or  three  times. 

Usually  the  material  overlying  a  rock  deposit  is  soft  enough  to  be 
handled  readily  with  the  steam  shovel  without  blasting.  In  some 
localities,  however,  blasting  is  necessary.  If  large  bowlders  that 
require  blasting  are  encountered,  the  rate  of  progress  may  be  greatly 
reduced. 

The  cost  of  stripping  with  a  steam  shovel  depends  on  the  depth  and 
nature  of  the  materials  to  be  removed,  capacity  of  the  shovel,  condi- 
tion of  the  rock  surface,  and  facilities  for  removal  of  cars.  Four 
cents  a  ton,  actual  working  cost  for  loading  only,  is  the  minimum 
figure  obtained.  At  one  quarry  having  1  to  10  feet  of  overburden, 
the  total  operating  cost  of  stripping,  including  transportation,  was 
11  to  13  cents  a  ton.  At  an  Illinois  quarry  having  20  to  30  feet  of 
soil  overburden,  the  operating  cost  of  stripping,  including  trans- 
portation to  a  near-by  dump,  averaged  16  cents  per  cubic  yard. 
Where  the  overburden  is  thin,  the  cost  per  ton  will  be  relatively  high, 
but  the  cost  of  stripping,  per  ton  of  rock  obtained,  will  be  relatively 
low. 

A  stripping  conveyor  operated  in  connection  with  a  steam  shovel 
by  one  Ohio  company  is  noteworthy.  The  soil  to  be  removed  is  30 
to  45  feet  thick,  and  the  bed  of  rock  beneath  is  only  8  feet  thick. 
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With  the  low  efficiency  of  stripping  observed  in  some  localities,  profit- 
able quarrying  under  such  conditions  would  be  almost  impossible. 
As  the  rock  is  removed,  the  area  worked  out  is  available  for  disposal 
of  overburden.  The  equipment,  as  shown  in  Plate  I,  consists  of  an 
inclined  bridgelike  structure  of  steel  mounted  on  wheels.  On  this 
incline,  two  independent  cable  cars  on  separate  tracks  are  operated 
with  an  electric  hoist.  The  cars  are  loaded  with  the  steam  shovel, 
hauled  up  the  incline,  and  dumped.  The  total  length  of  the  con- 
veyor is  175  feet,  and  it  places  the  material  160  feet  from  the  steam 
shovel.  The  shovel  has  a  2i-yard  dipper,  and  each  car  is  of  6-yard 
capacity.  The  whole  machine  may  be  moved  forward  as  the  shovel 
is  advanced.  The  company  claims  that  stripping  can  be  done  by 
this  method  at  an  actual  working  cost  of  2  cents  a  cubic  yard,  not 
including  overhead  charges,  depreciation,  or  interest  on  the  invest- 
ment, and  that  with  a  gang  of  9  men  2,000  yards  can  be  handled 
per  day.  The  equipment  is  well  adapted  for  stripping  back  into  pits 
from  which  all  serviceable  stone  has  been  removed. 

HYDRAUMC  STRIPPING. 

Hydraulic  stripping  is  practicable  only  where  there  is  an  abundant 
water  supply  and  good  drainage.  If  the  conditions  are  favorable  it 
is  one  of  the  cheapest  methods  that  can  be  used. 

The  usual  method  of  hydraulic  stripping  is  to  pump  the  water 
through  pipes  and  force  it  at  high  pressure  through  a  nozzle  directed 
against  the  bank.  If  the  water  has  to  be  pumped  some  distance,  it 
has  been  found  advisable,  in  order  to  reduce  the  loss  of  power  by 
friction,  to  use  pipe  of  4  or  6  inch  diameter,  close  to  the  pumping 
station,  and  to  reduce  the  size  at  successive  intervals.  The  jet 
from  the  nozzle  is  usually  so  directed  as  to  undermine  the  material 
and  let  it  fall  in  a  loose  mass.  It  is  then  easily  carried  away  in  the 
stream.  It  is  obvious  that  bowlders  too  large  to  be  washed  away 
retard  the  process,  and  if  the  mat^ial  contains  many  bowlders  the 
use  of  a  steam  shovel  may  be  preferable. 

In  a  quarry  in  northeastern  Missouri  where  this  method  ia  em- 
ployed  a  ravine  affords  a  means  of  drainage  back  from  the  quarry 
face.  As  the  material  is  rather  hard  holes  8  to  10  feet  deep  are 
bored  with  a  soil  auger,  and  the  ground  is  loosened  with  small 
charges  of  explosive.  The  cost  of  stripping  is  said  to  be  about  7 
cents  a  cubic  yard. 

In  an  Indiana  quarry  stripping  with  steam  shovels  is  supplemented 
with  hydraulic  stripping  during  seasons  when  the  water  supply  is 
adequate.  The  material  is  washed  down  a  channel,  which  is  nearly 
parallel  witii  the  quarry  face,  and  into  a  creek.  A  settling  basin  has 
been  provided,  but  complaints  are  sometimes  made  of  the  turbidity 


A.    ROUGH  ROCK  SURFACE  EFFECTIVELY  STRIPPED  BY  HYDRAULIC  METHOD. 


B.    QUARRY  FACE  PARALLEL  WITH  STEEPLY  INCLINED  OPEN  BEDS. 


C.    OPENING  OF  GOPHER  HOLE  AT  FOOT  OF  QUARRY  WALL. 
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of  the  stream  below  the  basin.  The  effects  of  hydraulic  stripping 
may  be  far  reaching,  and  the  operator  must  carefully  consider  a 
possible  conflict  with  other  interests. 

In  one  quarry  in  eastern  Missouri  the  conditions  are  unusual.  The 
quarry  is  situated  on  a  bluff  facing  the  river.  The  water  supply  is 
therefore  abundant,  but  the  drainage  is  toward  the  quarry  face, 
whereas  in  most  localities  where  hydraulic  stripping  is  practiced  the 
water  may  be  drained  away  from  the  quarry  pit.  Owing  to  this 
condition  the  soil-laden  water  must  be  conveyed  through  an  aqueduct 
from  the  quarry  face  to  the  river  bank.  However,  the  operators 
claim  that  the  cost  of  hydraulic  stripping,  including  the  construc- 
tion and  maintenance  of  the  aqueduct,  is  considerably  lower  than 
with  steam  shovels. 

At  one  Virginia  plant,  where  the  hydraulic  method  is  employed 
successfully,  the  quarry  faces  a  river.  The  overburden  consists  of 
red  clay  and  sand,  varying  in  thickness  from  2  to  15  feet.  Clay  seams 
and  clay  pockets  are  abundant.  Stripping  is  conducted  during  the 
winter  months,  when  the  resulting  turbidity  of  the  stream  causes  the 
least  inconvenience  to  other  industries.  Work  on  rock  quarrying  is 
suspended  during  the  stripping.  The  rock  surface  dips  toward  the 
river,  and  the  overlying  material  is  washed  down  onto  the  quarry 
floor.  A  row  of  barrels  filled  with  earth  placed  near  the  river  bank 
serves  as  a  dam  or  weir  to  hold  back  the  bulk  of  the  stripped  mate- 
rial, which  would  otherwise  obstruct  the  stream.  This  material, 
after  it  becomes  comparatively  dry,  is  loaded  into  cars  with  a  steam 
shovel  and  removed  to  a  dump. 

To  those  unfamiliar  with  the  conditions  in  this  quarry,  it  would 
seem  more  reasonable  to  remove  the  overburden  with  a  steam  shovel 
in  the  first  place.  ITie  rock  surface  is,  however,  so  deeply  eroded 
that  steam-shovel  work  would  be  impossible.  Plate  II,  A^  illustrates 
the  extreme  irregularity  of  the  stripped  surface.  This  view  is  an 
excellent  example  of  the  effectiveness  of  the  hydraulic  method  in 
removing  soil  from  erosion  cavities. 

ROCK   WASHING. 

In  some  localities  quarrying  is  made  difficult  by  open  seams  or 
pockets  that  extend  many  feet  down  into  the  rock.  The  material 
with  which  these  erosion  cavities  are  filled  may  be  undesirable  as  a 
cement  constituent.  The  hydraulic  method  of  cleaning  out  such  cavi- 
ties is  very  successful  where  it  can  be  employed.  The  usual  method, 
however,  is  to  clean  the  seams  as  well  as  possible  by  slow  and  laborious 
hand  methods.  The  material  that  can  not  be  thus  removed  is  shot 
down  with  the  rock.  The  subsequent  sorting  which  is  necessary  makes 
it  undesirable  to  use  a  steam  shovel,  and  hand-loading  methods  are 
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employed.  When  the  good  rock  is  removed  the  fine  debris  is  loaded 
by  hand  into  cars  and  removed  to  a  dumping  ground.  The  high  cost 
of  loading  both  rock  and  waste  by  hand  would  seem  to  justify  the 
introduction  of  a  more  economical  method. 

The  writer  is  of  the  opinion  that  in  many  quarries  where  such 
conditions  are  found  a  much  better  method  would  be  to  load  with  a 
steam  shovel,  taking  rock  and  soil  indiscriminately,  and  after  crush- 
ing the  material,  pass  it  through  washing  screens.  A  sufficient  water 
supply,  of  course,  would  be  essential.  The  cost  of  installing  a 
washing  equipment  would  not  be  high.  With  sandy  or  other  friable 
material  the  success  of  such  a  method  would  seem  to  be  assured. 
It  would  not,  however,  work  as  successfully  with  sticky  clay,  which 
would  be  difficult  to  wash  out.  Also  the  crushing  of  rock  mixed  with 
clay  may  involve  great  loss  of  time  in  wet  weather. 

UTILIZATION  OF  STBIFPINQ. 

As  a  rule  the  overburden  of  limestone  deposits  is  of  clay  and  can 
be  used  as  one  of  the  necessary  constituents  of  Portland  cement. 
Therefore  in  many  localities  part  or  all  of  the  overburden  is  utilized 
for  this  purpose. 

The  material  removed  may  also  be  used  to  fill  in  swamps,  ravines, 
or  other  low  places  and  thus  render  such  areas  available  for  agri- 
culture or  building.  In  one  instance  the  reclaiming  of  swamp  land 
for  city  lots  brought  in  a  return  to  the  quarry  company  more  than 
sufficient  to  pay  the  cost  of  stripping.  The  quarry  operator  may  also 
utilize  stripped  material  for  making  dams,  roadways,  or  railway 
embankments  on  his  property. 

DBIIUNO. 

BELATION  OF  DBILUNQ  TO  BLASTING. 

Only  certain  phases  of  the  subject  of  drilling  can  be  considered 
independently  of  blasting,  for  the  depth,  size,  spacing,  and  arrange- 
ment of  drill  holes  are  all  related  more  or  less  closely  to  the  charac- 
ter of  the  explosive  and  the  method  of  blasting  employed.  In  this 
chapter,  therefore,  the  types  of  drills  used  and  facts  relating  to  their 
actual  operation  will  be  considered,  other  matters  being  reserved  for 
subsequent  consideration  under  "Blasting"  (pp.  46  to  97). 

PBIMABY  AND  SECONDABY  DBILLINO. 

Two  distinct  processes  of  drilling  are  employed  in  practically  all 
quarries  where  rock  is  obtained  for  cement  manufacture.  One,  two, 
or  more  rows  of  holes  are  first  drilled  in  the  undisturbed  bedrock, 
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in  order  that  heavy  charges  of  explosive  may  be  fired  at  various 
points  within  the  rock  mass  to  break  it  up  for  removal.  The  drill- 
ing of  these  holes  is  termed  "  primary  drilling." 

In  most  instances  the  primary  shots  do  not  break  all  the  rock  loos- 
ened into  sizes  suitable  for  handling,  even  with  large  steam  shovels. 
The  larger  masses  must,  therefore,  be  broken  up  with  subsequent  shots. 
Whatever  drilling  is  deemed  necessary  for  these  subsequent  shots  is 
termed  "  secondary  drilling."  The  holes  thus  drilled  are  sometimes 
termed  "  pop  holes." 

PRIMARY  DRILLINO. 
TYPES  OF  DRUXS  EMPLOYED. 

Primary  drilling  may  be  done  with  churn,  wagon,  tripod,  electric, 
or  hammer  drills.  The  choice  of  drill  depends  on  the  nature  and 
thickness  of  the  rock  ledge  and  on  the  method  of  blasting  employed. 

Chum  drills. — 'The  type  of  drill  most  commonly  used  in  quarrying 
rock  for  cement  manufacture  is  the  ordinary  well  drill,  also  known 
as  the  cable  or  churn  drill.  Various  types  of  churn  drills  are  now  on 
the  market,  the  details  of  which  may  be  easily  obtained  from  trade 
catalogues.  The  diameter  of  drill  hole  used  in  cement  practice  varies 
from  4  to  6  inches.  The  rate  of  drilling  varies  according  to  the  size 
of  the  hole  and  the  hardness  of  thi^^rock.  In  limestone,  rates  of  30  to 
75  feet  a  day  for  6-inch  holes  and  60  to  115  feet  a  day  for  5-inch 
holes  have  been  noted.  In  cement  rock  the  rate  is  somewhat  higher. 
The  cost  of  chum  drilling  varies  from  20  to  50  cents  a  foot.  A  fair 
average  in  moderately  hard  limestone  is  30  cents  a  foot  for  5|-inch 
holes.  A  cement  company  near  Glens  Falls,  N.  Y.,  claims  that  the 
cost  of  drilling  6-inch  holes  with  an  electric-driven  churn  drill, 
which  required  only  one  man  to  run  it,  was  less  than  15  cents  a  foot, 
including  repairs. 

Wagon  drills. — ^The  so-called  wagon  drill  is  of  the  reciprocating 
type,  operated  by  steam  or  compressed  air.  It  makes  a  hole  3  to  4 
inches  in  diameter.  The  machine  may  be  so  rotated  as  to  drill  at 
either  side  or  in  front  of  the  wagon  upon  which  it  is  mounted.  The 
common  method  is  to  drill  a  hole  at  each  side  of  the  wagon  from 
each  position,  and  thus  carry  two  rows  of  holes  simultaneously.  The 
drill  has  a  long  vertical  range ;  hence  the  steel  does  not  need  to  be 
changed  so  frequently  as  in  tripod  drilling. 

Tripod  drills. — Tripod  drills,  with  which  every  quarryman  is 
familiar,  are  used  to  some  extent  in  cement  practice,  although  during 
recent  years  they  have  largely  given  place  to  chum  drills.  They  are 
used  most  commonly  in  unsound  rock,  in  thin  ledges,  or  for  drilling 
horizontal  or  so-called  "snake"  holes  (see  p.  57)  at  the  base  of  the 
quarry  ledge.  Common  sizes  of  tripod  drill  holes  are  If  to  2|  inches. 
The  "  electric  air  drill "  is  used  successfully  in  some  localities.    Air 
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is  supplied  to  it  through  flexible  hose  from  a  portable  motor-driven 
compressor,  which  may  easily  be  moved  whenever  the  drill  is  moved 
to  a  new  position.  An  average  cost  of  tripod  drilling  in  limestone 
is  15  cents  a  foot. 

Electric  drills. — ^Motor-driven  electric  drills  give  satisfactory  serv- 
ice, especially  in  rock  mining. 

Ham/raer  drills. — ^The  larger  hammer  drills  in  common  use  are  non- 
reciprocating  drills,  operated  without  a  tripod,  and  are  provided  with 
an  automatic  rotating  device.  They  use  hollow  steel,  through  which 
the  exhaust  air  passes  and  blows  the  cuttings  from  the  drill  hole.  They 
are  employed  in  primary  drilling  in  some  quarries  with  low  benches 
not  exceeding  8  or  10  feet  in  height.  They  are  also  used  for  making 
shallow  holes  to  supplement  chum-drill  holes  where  an  unusually 
hard  bed  of  rock  occurs  at  a  short  distance  below  the  surface.  In 
the  opinion  of  a  number  of  quarrymen  they  drill  more  rapidly  than 
tripod  drills,  and  as  one  man  only  is  required  for  each  drill  they  are 
less  expensive  to  operate  than  the  machines  requiring  both  a  driller 
and  a  helper.  A  drilling  rate  of  180  feet  per  day  in  limestone  has  been 
noted.  The  hammer  drill  works  most  successfully  when  run  dry,  as 
the  presence  of  a  small  amount  of  water  in  the  hole  may  make  the 
cuttings  muddy  so  they  can  not  be  blown  out  with  the  exhaust. 

EFFECT  OF  BOCK   SHil  I  llllllfi   ON  DBILLINQ. 

The  presence  of  numerous  open  joints  in  a  rock  ledge,  particularly 
if  the  joints  are  irregular,  complicates  drilling.  The  drill  may  be 
deflected  by  running  into  a  fissure,  thus  making  drilling  slow  and 
difficult.  However,  the  chief  objection  is  that  a  drill  hole  penetrating 
an  open  seam  or  cavity  is  usually  useless,  as  the  gases  generated  by 
the  blast  will  escape  into  the  open  spaces  and  the  shot  will  be  rela- 
tively ineffective.  Usually  such  a  hole  is  abandoned  and  a  new  one 
made.  Many  of  the  holes  drilled  in  unsound  rock  are  for  this  reason 
never  used. 

ADVAITTAOE    OF    PLOTTINQ    JOIlfT    SYSTEMS. 

Where  the  joints  are  straight  and  regular  and  can  be  observed  on 
the  rock  surface,  the  driller  can  usually  avoid  them  by  using  good 
judgment.  If  the  upper  strata  are  extremely  shattered,  it  may  be 
impossible  to  detect  the  joints  on  the  surface,  and  the  driller  must 
judge  their  position  by  observing  the  vertical  face.  If  their  trend 
is  fairly  constant,  their  position  at  a  distance  of  20  or  30  feet  back 
from  the  face  may  be  estimated  with  a  reasonable  degree  of  accuracy. 
But  if  the  joints  are  irregular  or  curving,  or  tend  to  change  abruptly 
in  direction,  the  placing  of  holes  may  become  mere  guesswork,  and 
many  useless  holes  will  be  drilled.  In  one  quarry  with  a  50-foot 
face,  where  tracing  the  probable  curves  of  open  joints  was  a  difficult 
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matter,  the  writer  was  informed  that  one  driller  had  in  three  weeks 
drilled  only  two  serviceable  holes,  all  others  having  been  abandoned 
when  partly  completed  on  account  of  their  penetrating  clay  pockets. 
A  detailed  description  of  the  origin  and  nature  of  joints  is  given 
in  Bulletin  106.*  It  is  pointed  out  that  in  general  joint  planes  tend 
to  occur  in  parallel  systems,  and  the  planes  of  each  system  tend  to 
be  more  or  less  constant  in  direction.  By  making  a  careful  and 
systematic  measurement  of  the  joints  with  compass  and  clinometer 
and  plotting  them  carefully  on  paper,  it  will  usually  be  found  that 
they  have  a  systematic  arrangement  and  are  less  irregular  and  hap- 
hazard than  they  appear  to  be  from  casual  observation.  A  chart  of 
all  the  joints  on  which  definite  observations  can  be  made  in  a  given 
deposit  would,  without  doubt,  be  of  great  assistance  to  the  driller  in 
choosing  a  proper  location  for  drill  holes,  and  much  useless  drilling 
would  thus  be  avoided. 

KEEPING  DSnX  HOIJBS  CLEAN. 

On  account  of  the  modem  method  of  firing  a  large  number  of  drill 
holes  at  a  single  blast,  several  months  may  elapse  from  the  time  a 
hole  is  drilled  until  it  is  loaded.  If  proper  precautions  are  not 
observed,  the  hole  may  become  partly  filled  with  dftris,  which  must 
be  cleaned  out.  A  good  plan,  therefore,  is  to  drive  a  wooden  plug 
into  the  hole  as  soon  as  it  is  completed.  Where  the  upper  part  of 
the  ledge  is  thin-bedded,  loose  rock,  it  may  not  be  possible  to  plug 
the  holes  effectively  without  casing  them  for  a  depth  of  several  feet. 
Sheet-metal  casings  may  be  made  at  low  cost  and  are  highly  recom- 
mended for  use  in  deposits  of  this  type. 

CLEANING    DRILL    HOLBB. 

The  method  used  by  one  Oklahoma  company  for  removing  debris 
from  holes  before  loading  is  to  place  a  gas-pipe  tripod  over  the 
hole,  and  by  means  of  a  rope  and  pulley  lower  a  section  of  gas  pipe 
into  the  hole.  By  repeatedly  raising  the  pipe  several  feet  and  allow- 
ing it  to  drop,  it  gradually  sinks  into  the  debris.  Compressed  air  is 
then  forced  through  the  pipe  and  blows  the  refuse  out.  If  the 
material  is  too  coarse  to  be  blown  out,  it  is  first  cut  up  with  a  steel 
bar.  As  the  cost  of  cleaning  some  drill  holes  has  exceeded  the  origi- 
nal cost  of  drilling,  all  holes  recently  drilled  by  this  company  are 
cased  at  the  top  and  carefully  plugged. 

SECONDARY    DRILLING. 

For  secondary  drilling,  that  is,  the  drilling  of  blocks  that  were 
insufficiently  broken  by  the  primary  shot,  hammer  drills  are  most 

•Bowles,  Oliver,  The  technology  of  marble  quarrying:  BuU.  106,  Bureau  of  Mines. 
1916,  pp.  22-29. 
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commonly  used.  The  lines  for  supplying  compressed  air  to  the 
primary  drills  are  usually  laid  on  the  quarry  bank  adjacent  to  the 
face.  Air  for  secondary  drilling  is  usually  obtained  from  these  lines 
by  means  of  flexible  hose.  In  one  Iowa  quarry  the  air  is  supplied 
by  a  small  compressor  mounted  on  the  steam  shovel.  In  a  New  York 
quarry  a  motor-driven  compressor  is  mounted  in  a  box  car  and  hence 
can  be  readily  moved  to  near  the  point  where  the  hole  is  to  be  drilled. 

BIASTINO. 

IMPOBTANCE  OF  BLASTING. 

In  the  blasting  of  rock  for  use  in  making  cement,  breaking  into 
fragments  that  can  be  easily  loaded  into  cars  and  can  be  handled 
by  the  crushers  at  the  cement  plant  is  essential.  Because  of  the  im- 
portance of  blasting  and  the  cost  of  explosive,  no  phase  of  the  quarry 
industry  under  consideration  is  receiving  more  attention  by  investi- 
gators at  present.  As  blasting  represents  such  an  important  item 
in  the  cost  of  quarrying,  evidently  the  introduction  of  eflScient  blast- 
ing methods  at  any  quarry  may  materially  reduce  the  total  quarry 
costs.  The  wide  variations  in  the  character  of  rock  deposits  in  dif- 
ferent localities  make  it  impossible  to  formulate  rules  for  success- 
ful blasting  that  will  uniformly  apply.  However,  an  attempt  will 
be  made  to  point  out  the  methods  followed  in  various  localities  and 
the  conditions  under  which  the  various  methods  may  give  the  best 
results. 

FSIMABY  AND  SECONDABY  BLASTING. 

Blasting,  like  rock  drilling,  may  be  divided  into  primary  and  sec- 
ondary processes.  The  term  "  primary  blasting  "  refers  to  the  shots 
by  means  of  which  the  quarry  ledge  is  broken  into  fragments  of  various 
sizes.  "  Secondary  blasting  "  includes  whatever  shots  may  be  neces- 
sary to  break  up  the  larger  masses  resulting  from  the  primary  shots 
into  fragments  small  enough  for  loading. 

FBIMABY  BLASTING. 
COMPLEXITY  OF   PROBLEM. 

Primary  blasting  is  one  of  the  most  complex  problems  with  which 
the  quarryman  has  to  deal,  owing  to  the  many  variable  factors  and 
the  multitude  of  ways  in  which  these  factors  may  be  combined.  The 
chief  variable  factors  are:  (1)  Height  of  face;  (2)  hardness  and 
uniformity  of  rock;  (3)  attitude  of  beds;  (4)  prevalence  of  open 
bedding  seams  and  joints;  (5)  attitude  of  quarry  floor;  (6)  size  and 
depth  of  drill  holes;  (7)  arrangement  and  spacing  of  drill  holes; 
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(8)  number  of  holes  shot  at  one  time;  (9)  size  of  charge;  (10)  posi- 
tion of  charges  in  drill  holes;  (11)  type  of  explosive  used;  (12) 
method  of  firing  shots;  (13)  method  of  loading  rock;  (14)  size  of 
crusher. 

MODERN  TENDENCIES  IN  BLASTING. 

During  recent  years  the  tendency  among  quarrymen  has  been  to 
throw  down  a  large  mass  of  rock  at  a  single  shot.  Formerly  the 
method  of  quarrying  a  ledge  in  successive  benches  or  steps  was  widely 
employed.  Of  recent  years,  however,  this  method,  which  may  be 
termed  "  multiple  bench  quarrying,"  has  been  generally  abandoned, 
and  most  quarries  are  worked  as  single  benches,  even  to  depths 
upward  of  150  feet.  As  a  result,  churn  drills  have  been  substituted 
for  tripod  drills  in  most  quarries.  This  tendency  has  been  increased 
by  the  wide  use  of  steam  shovels  for  loading.  With  a  steam  shovel 
rock  may  be  loaded  rapidly,  and  much  larger  fragments  can  be 
handled  than  was  possible  under  hand-loading  methods. 

ADVANTAGES  OF  SINGLE  BENCH. 

One  of  the  chief  reasons  for  single  rather  than  multiple  bench 
quarrying  is  the  increased  eflSciency  attained  by  throwing  down 
larger  masses  of  rock  at  a  singly  shot.  Also,  when  several  benches 
are  worked  it  is  necessary  to  clean  the  upper  benches  after  shooting, 
and  this  cleaning  requires  a  great  deal  of  time.  In  quarrying  with  a 
single  bench  no  bench  cleaning  is  necessary.  Another  advantage  is 
the  increased  safety  which  results.  If  quarrying  is  conducted  on 
several  narrow  benches  rock  may  fall  from  the  upper  benches  and 
injure  workmen  on  the  lower  levels.  However,  where  benches  are 
wide  this  danger  may  not  exist. 

DANGERS  or  SINGLE  BENCH, 

In  some  quarries  single-bench  quarrying  with  chum  drills  has  re- 
sulted in  the  development  of  vertical  faces  80  to  160  feet  high.  The 
danger  from  loose  rock  falling  many  feet  is  obvious.  On  account  of 
this  danger,  in  some  European  countries  the  height  of  the  face  is 
restricted  by  law.  Where  high  faces  are  maintained  great  care 
should  be  exercised  in  cleaning  down  all  loose  material  from  the 
face  and  from  the  rock  surface  close  to  the  edge  of  the  pit.  In 
quarries  where  the  rock  is  unsound  men  may  be  suspended  with  ropes 
at  the  face  after  each  shot,  to  bar  or  blast  down  all  loose  material. 

THE  USE  op  CHURN  DRILLS. 

In  operating  quarries  as  single  benches  many  feet  in  height  churn 
drills  are  widely  used.    In  judging  the  efficiency  of  drills  one  must 
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keep  in  mind  the  prime  object  of  drilling.  Drill  holes  are  made  for 
the  purpose  of  placing  in  the  proper  position  enough  explosive  to 
break  the  rock  efficiently.  It  is  regarded  as  a  necessary  condition  for 
successful  blasting  that  a  considerable  part  of  the  charge  shall  be 
near  the  bottom  of  the  mass  to  be  moved.  For  making  deep  holes 
chum  drills  are  found  to  be  more  efficient  than  tripod  drills.  In 
tripod  drilling  the  steel  has  to  be  changed  frequently  and  long  drills 
are  difficult  to  handle.  Moreover,  tripod  drill  holes  are  rarely  more 
than  2f  inches  in  diameter  at  the  top,  and  the  decrease  in  gage  as 
successive  drills  are  used  makes  the  deep  holes  much  smaller  in 
diameter  at  the  bottom  than  at  the  top.  As  more  explosive  is  re- 
quired at  the  bottom  of  the  hole  than  near  the  top,  for  practical  pur- 
poses the  hole  is  upside  down.  Hence,  to  shatter  the  rock  efficiently 
in  tripod  drilling  the  holes  must  be  drilled  close  together  or  else  the 
holes  must  be  "  sprung "  or  "  chambered  " ;  that  is,  enlarged  at  the 
lower  end  by  discharging  small  amounts  of  explosive  in  them.  In 
springing,  a  small  charge  is  used  at  first,  and  for  each  successive 
charge  a  larger  quantity  of  explosive  is  employed.  Commonly,  about 
one-half  pound  of  "  40  per  cent "  dynamite  is  used  for  the  first  charge, 
the  amount  being  doubled  for  each  succeeding  charge.  The  process  is 
slow,  requires  a  good  deal  of  explosive,  and  is  dangerous. 

Chum  drills,  on  the  other  hand,  make  holes  4  to  6  inches  in  diam- 
eter, and  there  is  no  loss  of  gage.  Thus,  the  cost  per  foot  of  hole 
drilled  may  be  much  higher  than  that  of  tripod  drilling,  but  the 
holes  may  be  spaced  much  farther  apart  and  still  admit  sufficient 
explosive  to  do  the  necessary  work  without  springing. 

In  this  connection  the  driller  must  keep  in  mind  the  proper  rela- 
tionship between  volume  and  diameter  of  drill  holes.  Many  drill 
men  are  under  the  impression  that  us  a  6-inch  hole  has  twice  the 
diameter  of  a  3-inch  hole,  the  former  will  hold  twice  as  much  ex- 
plosive per  foot  as  the  latter.  The  volume,  however,  varies  as  the 
square  of  the  diameter,  hence  a  6-inch  hole  holds  four  times  as 
much  as  a  3-inch  hole,  a  5-inch  hole  holds  2^  times  as  much  as  a 
3-inch  hole,  etc.  When  the  driller  realizes,  as  most  drillers  do  and  as 
all  drillers  should,  that  doubling  the  diameter  of  the  drill  hole  in- 
creases its  capacity  for  explosive  four  times,  he  will  better  appreci- 
ate the  advantage  of  a  chum  drill  for  deep-hole  blasting. 

Springing  of  churn-drill  holes  to  increase  their  capacity  for  ex- 
plosive has  been  employed  in  some  mining  operations  where  a  heavy 
toe  is  to  be  removed,  but  is  not  commonly  employed  in  ordinary 
quarry  practice. 

The  efficiency  of  large  holes  may  be  shown  in  another  way.  Let 
us  assume  that  it  has  been  found  by  experience  that  blasting  in  tri- 
pod-drill holes  is  effective  if  the  holes  are  10  feet  apart  and  have  10 
feet  of  burden,  that  is,  are  10  feet  back  from  the  face ;  whereas  chum- 
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drill  holes  would  give  equally  good  results  when  spaced  20  feet  apart 
and  with  20  feet  of  burden.  In  order  to  shatter  a  mass  200  feet  long 
and  20  feet  wide,  11  chum-drill  holes  would  be  sufficient,  whereas 
42  tripod-drill  holes  would  be  necessary,  as  shown  in  figure  2.  If  the 
face  is  30  feet  high,  the  total  mass  of  rock  moved  would  be  200X20X80, 
or  120,000  cubic  feet;  that  is,  about  10,900  cubic  feet  for  each  chum- 
drill  hole,  and  only  2,850  cubic  feet  for  each  tripod-drill  hole. 

In  general,  the  chum  drill  is  not  satisfactory  for  quarrying  thin 
ledges  of  rock.  Thin  ledges  require  small  charges.  When  a  small 
charge  is  placed  in  a  large  hole,  too  great  a  proportion  of  the  explo- 
sive is  concentrated  at  the  bottom  of  the  hole.  Moreover,  it  is  ob- 
viously a  waste  of  time  and  power  to  drill  a  larger  space  than  is 
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Fiocnu  2. — Diagram  showing  relative  efflclency  of  chnm-driU  holes  and  tripod- 
drill  holes.  Large  ciroles  represent  chum-drill  holes;  small  circles,  tripod- 
drill  holes. 

necessary  to  hold  the  explosive.    In  general  the  use  of  chum  drills 
for  bendies  less  than  25  or  30  feet  high  is  not  considered  wise. 

THE  USE  OF  WAGON  DRTLLB. 

The  wagon  drill  is  capable  of  drilling  to  a  maximum  depth  of  about 
40  feet.  It  drills  smaller  holes  than  are  usually  made  with  the  chum 
drill,  but  drills  much  more  rapidly.  Experience  has  shown  that  in 
some  quarries  the  rock  breaks  better  for  a  given  quantity  of  explosive 
if  the  holes  are  smaller  and  spaced  more  closely  than  chum-drill 
holes  are  usually  placed.  Therefore,  wagon  drills  are  well  adapted 
for  drilling  in  such  rock. 

The  wagon  drill  may  also  be  used  with  success  on  thin  ledges 
where,  as  pointed  out  in  a  previous  paragraph,  chum  drills  can  not 
be  used  to  advantage. 

THE  USE  OF  TRIPOD  DRILLS. 

Tripod  drills  are  commonly  employed  in  quarries  where  the  rock 
is  worked  in  one  or  more  low  benches.  Where  such  drills  are  used, 
benches  are  rarely  more  than  16  feet  high.  The  multiple-bench 
method,  which  has  recently  given  place  largely  to  single-bench  quarry- 
ing, is  still  practiced  in  some  localities  because  the  advantages  of 
using  the  churn-drill  are  not  realized.  In  other  places,  lack  of  capi- 
tal prevents  the  purchase  of  the  new  equipment  necessary  to  make  the 
change,  although  the  advantages  of  the  more  modem  methods  are 
admitted. 

46723*— 18 4 
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In  some  quarries,  however,  it  is  claimed  that  the  conditions  justify 
the  use  of  tripod  drills.  These  conditions  are  discussed  in  the  fol- 
lowing paragraphs. 

ADVANTAGE  OF  USING  TSIPOD  DSnXS  FOB  UNSOUND  BOCK. 

As  pointed  out  on  page  44,  the  presence  of  irregular  seams  or 
pockets  filled  with  clay  greatly  complicates  drilling,  because  these 
are  often  difficult  to  avoid  in  placing  the  holes.  Mere  avoidance  of 
seams  is,  however,  only  part  of  the  problem.  The  holes  may  all  be  in 
sound  rock  and  yet  be  so  arranged  that  the  blast  will  be  ineffective. 
In  general,  it  may  be  stated  that  in  seamy  rock  each  individual  mass 
bounded  by  open  seams  should  have  at  least  one  hole  drilled  in  it, 

and,  if  the  mass  is  small,  a  small  hole 
is  sufficient.  The  reason  for  this  state- 
ment is  given  in  the  following  para- 
graph. 

Suppose  that  a  series  of  open  seams 
parallel  th^  quarry  face  and  are  spaced 
10,  10,  and  30  feet,  respectively,  from 
the  face,  as  shown  in  figure  3.  An 
average  burden  for  chum-drill  holes  is 
18  to  25  feet.  If,  in  this  instance, 
chum-drill  holes  are  placed  18  feet 
from  the  face,  what  will  be  the  effect 
of  the  shot  on  the  masses  designated  a^ 
to  Oq,  between  the  face  and  seam  If  It 
is  a  well-known  fact  that  an  open  seam 
acts  as  a  cushion  and  almost  or  entirely 
checks  the  shattering  effect  of  an  ex- 
plosion. The  masses  b^  to  &«,  between 
seams  1  and  ^  would  without  doubt  be  shattered  normally,  as  the 
drill  holes  are  situated  in  these  masses.  However,  the  masses  a^  to 
^e,  protected  by  the  open  seam  i,  would  not  be  shattered  much  and 
would  merely  be  pushed  out.  If  the  drill  holes  were  placed  25  feet 
from  the  face,  they  would  be  in  the  masses  Ci  to  Cjj  and  obviously 
the  masses  designated  ^  to  a^  and  &i  to  b^  would  receive  little  of  the 
shattering  effect.  A  blast  of  this  type,  which  pushes  out  great  blocks 
weighing  many  tons  each,  would  be  very  inefficient,  as  an  excessive 
amount  of  secondary  blasting  would  be  necessary. 

Therefore,  in  order  to  effectively  shatter  rock  intersected  by  open 
joints,  such  as  are  represented  in  figure  8,  at  least  one  drill  hole  in 
each  individual  mass  seems  to  be  necessary.  Moreover,  the  hole  should 
be  so  placed  that  the  shot  is  balanced,  thus  promoting  equal  effective- 
ness in  all  directions  from  the  hole.    Holes  drilled  in  the  masses 
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holes  in  seamy  rock. 
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designated  c^toa^  should  be  nearer  to  seam  1  than  to  the  face,  for 
the  rock  near  the  open  face  offers  less  resistance  to  the  eitplosive 
force  than  that  near  the  earth-filled  seams  at  the  back.  The  proper 
position  of  the  hole  can  not  be  stated  arbitrarily ;  it  depends  on  the 
character  of  the  rock,  and  can  be  determined  only  by  experiment. 
However,  on  the  assumption  that  the  proper  position  is  7  feet  from 
the  face  and  8  feet  from  the  seam,  it  is  obvious  that  a  chum-drill  hole 
7  feet  from  the  face  would  be  too  large.  The  small  amount  of  explo- 
sive necessary  to  break  a  mass  10  by  12  feet  or  10  by  15  feet  in  area 
could  be  placed  in  a  hole  much  smaller  than  that  ordinarily  made  with 
a  chum  drill.  Consequently,  drilling  a  large  hole  in  such  a  position 
would  be  a  waste  of  time  and  labor. 

For  seamy  rock  one  of  the  smaller  types  of  drills  is  to  be  preferred, 
and  the  tripod  is  commonly  employed.  Thus  multiple-bench  quarry- 
ing may  be  the  best  method  to  use  in  unsound  rock.  When  chum 
drills  are  used  in  rock  having  steeply  inclined  open  seams,  the  drill 
bit  tends  to  follow  the  seam  tind  thus  make  further  drilling  difficult 
or  impossible.  This  involves  long  delays,  and  may  necessitate  the 
abandonment  of  partly  completed  holes.  Instances  have  been  noted 
where  many  feet  of  drilling  are  wasted  in  this  manner  every  month. 
Some  quarrymen  claim  that  this  difficulty  is  less  pronounced  with 
tripod  drills.  For  those  skilled  in  the  use  of  chum  drills,  however, 
the  difficulty  is  no  greater  than  where  tripods  are  used.  A  small 
charge  of  explosive  is  sometimes  used  in  straightening  a  drill  hole 
that  crosses  an  inclined  open  seam.  Some  operators  drop  pieces  of 
scrap  iron  in  the  hole  to  delay  drilling  until  the  undesirable  shoulder 
is  cut  a^ay. 

trSE   OF   TBIFOD   DSELLS    IN   OBTAINING    A   TTNIFOBM    MIX. 

It  has  been  stated  that  the  chemical  composition  of  rock  quar- 
ried for  cement  manufacture  must  be  carefully  taken  into  account. 
The  rock  is  continually  being  sampled  and  analyzed  as  it  enters  the 
plant  and  proportioned  in  the  way  that  will  give  the  best  product. 
If  the  rock  in  the  quarry  ledge  is  uniform  in  c(Mnposition,  it  is  a 
simple  matter  to  obtain  a  mixture  of  the  desired  composition,  and 
the  method  of  quarrying  has  little  or  no  effect  on  the  mixing.  How- 
ever, if  the  rock  varies  in  successive  beds  the  method  of  quarrying 
has  a  marked  influence  on  the  task  of  maintaining  a  uniform  mix- 
ture. This  is  particularly  true  of  certain  cement-rock  quarries  of 
the  Lehigh  district,  where,  by  advantageous  handling  of  rock,  a 
proper  mixture  can  be  obtained  from  one  ledge  without  the  addition 
of  either  limestone  or  shale  from  any  other  locality. 

Let  us  assume  that  the  beds  are  flat-lying  and  that  they  vary  con- 
siderably in  their  calcium  content.  If  the  upper  beds  have  a  low 
and  the  lower  beds  a  high  calcium  content,  quarrying  from  the  upper 
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beds  alone  would  shortly  give  a  lean  mixture,  and  quarrying  of  the 
lower  beds  alone  would  give  one  too  high  in  calcium.  A  method 
employed  by  one  company  having  such  a  quarry  is  to  work  it  in  two 
benches,  the  upper  bench  including  the  low-calcium  stone  and  the 
lower  bench  the  stone  higher  in  calcium.  As  these  benches  are  low, 
tripod  drills  are  employed  and  the  rock  is  loaded  into  cars  by  hand. 
As  the  rock  is  hauled  to  the  crusher  the  number  of  carloads  from 
each  of  the  benches  is  proportioned  according  to  their  relative  com- 
position so  as  to  give  a  proper  mixture. 

A  method  of  shooting  down  the  entire  quarry  face,  using  churn- 
drill  holes,  has  been  suggested.  Some  quarrymen  state  that  by 
properly  balancing  the  charges  in  the  holes  the  material  from  the 
upper  and  that  from  the  lower  beds  may  be  mixed  fairly  well  as  the 
rock  is  shot  down,  and  that  the  rock  then  may  be  handled  much 
more  efficiently  wiUi  steam  shovels  than  by  hand  methods. 

The  strata  may  not,  however,  be  flat-lying,  but  may  be  steeply  in- 
clined, as  in  many  limestone  and  some  cement-rock  quarries.  In 
several  quarries  having  steeply  inclined  beds  the  rock  is  drilled  with 
tripod  drills,  in  benches  8  to  16  feet  high,  and  after  being  shot  down 
is  loaded  by  hand.  The  quarry  face  is  perpendicular  to  the  strike 
and  intersects  many  beds.  Bock  is  loaded  from  various  points  along 
the  face  at  the  same  time,  and  a  constant  mixture  is  thus  maintained. 
A  mixture  is  sought  which,  with  the  addition  of  sufficient  shale  to  give 
the  proper  ratio  of  calcium  to  aluminum,  will  have  the  proper  pro- 
portion of  silica  and  a  minimum  of  magnesium. 

The  objection  raised  to  the  use  of  a  steam  shovel  in  such  quarries 
is  that  it  loads  for  a  considerable  time  from  one  position  and  thus 
prevents  proper  mixing  of  the  various  types  of  rock.  For  example, 
the  shovel  might  work  for  a  period  in  rock  having  only  65  per  cent 
of  CaC0s9  which  would  be  too  low  in  calcium  for  a  cement  mixture, 
and  during  another  period  in  rock  having  85  per  cent  of  CaCOa, 
which  would  be  too  high.  For  this  reason,  a  number  of  quarrymen 
reconmiend  hand  loading  for  variable  rock. 

It  is  a  generally  recognized  fact  that  blasting  rock  in  low  benches 
and  loading  it  by  hand  is  a  costly  method  of  quarrying,  hence  the 
devising  of  means  for  overcoming  any  difficulties  that  may  stand  in 
the  way  of  chum-drill  and  steam-shovel  methods  is  desirable.  Con- 
sequently the  following  suggestions  are  made  regarding  improved 
methods  of  quarrying  steeply  inclined  beds  that  vary  in  composition. 

In  the  methods  described  in  preceding  paragraphs  quarrying  is  so 
conducted  that  the  rock  may  be  selected  proportionally  from  each  of 
the  variable  beds.  In  steeply  inclined  beds,  selection  is  made  possible 
by  cutting  across  the  beds  horizontally.  If  a  high  face  is  developed 
instead  of  long,  low  benches,  approximately  the  same  mixture  may  be 
obtained  vertically  as  is  now  obtained  horizontally.    This  is  iUus- 
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trated  in  figure  4.  The  beds  tlfat  differ  in  composition  are  designated 
Oj  &,  and  c.  The  quarry  face  is  bounded  by  the  lines  1  and  2.  If  deep 
quarrying  and  steam-shovel  loading  were  pursued  the  source  of 
the  material  available  from  one  position  of  the  shovel  may  be  rep- 
resented as  bounded  by  the  vertical  lines  3  and  4*  As  may  be  seen 
from  the  figure,  the  same  beds  would  be  intersected  as  by  the  other 
method.  From  other  positions  to  right  and  left  of  the  one  repre- 
sented variations  in  thickness  may  occur,  giving  more  material  from 
certain  beds  and  less  from  others,  but  in  general  a  fairly  representa- 
tive mixture  can  be  obtained. 

For  both  flat-lying  and  inclined  beds  the  objection  may  be  raised 
that  the  use  of  chum  drills  and  steam  shovels  will  not  permit  suffi- 
cient latitude  in  varying  the  proportion  of  stone  from  each  bed,  for 
the  steam  shovel  must  take  all  material  shot  down,  irrespective 
of  its  composition.  If  the 
various  beds  differ  markedly 
in  composition,  this  objec- 
tion may  be  valid.  It  is  sug- 
gested, however,  that  diffi- 
culties caused  by  local  varia- 
tions m  composition  may  be 
largely  overcome  by  using  a 

large  storage  bin,  where  the   Fioum   4.— Method   of   working   steeply   inclined 

rock  may  be   distributed  in       ^^^^  *<>  obtain  uniform  rock  mixture ;  a,  J>,  and 
,  .  , .  c  are  beds  of  rock  differing  In  composition. 

such  a  manner  as  to  equalize 

all  variations.  This  matter  is  discussed  at  greater  length  in  subse- 
quent pages  where  the  preparation  of  the  raw  mix  is  considered.  , 


USE  OF  TBIPOD  DRILLS  WHERE  THE  ROCK  COIfTAlNS  POCKETS  OF  CLAY. 

In  certain  quarries,  clay  pockets  are  prevalent  in  the  upper  beds 
and  separation  of  the  clay  from  the  rock  may  be  desirable.  If  the 
entire  face  were  shot  down  by  means  of  blasts  in  chum-drill  holes, 
the  clay  would  be  mixed  with  the  rock,  which  would  make  the 
removal  of  both  day  and  rock  difficult,  especially  in  wet  weather. 
Therefore,  in  some  quarries  it  is  regarded  as  a  better  plan  to  driU  the 
upper  bench  with  tripod  drills,  and  shoot  it  down.  When  this  mate- 
rial is  removed  the  lower  solid  ledge  may  be  shot  down. 

Usually,  however,  the  clay  may  be  used  as  a  constituent  of  the 
cement,  then,  if  it  can  be  done  successfully,  quarrying  rock  and  clay 
together  is  much  better  than  to  separate  them  and  later  mix  them 
together  again.  One  objection  to  handling  them  together  is  that  in 
wet  weather  the  clay  makes  the  rock  muddy  and  difficult  to  crush. 
With  roll  crushers,  less  difficulty  is  encountered  than  with  gyratory 
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crushers.  Another  objection  is  that  the  steam  shovel  may  at  one  time 
be  loading  material  that  is  largely  clay  and  at  another  time  almost 
pure  rock,  and  thus  complicate  the  problem  of  maintaining  a  uniform 
mix.  This  difficulty  may  be  minimized  by  having  a  large  storage  bin. 
Another  method  of  obtaining  a  uniform  mixture  of  clay  and  rock 
is  well  illustrated  in  an  eastern  Missouri  quarry.  In  this  quarry  the 
upper  beds  contain  many  clay  seams,  and  a  face  50  feet  high  is  shot 
down  with  blasts  in  churn-drill  holes.  The  charge  is  so  adjusted  that 
the  clay  is  thrown  out  evenly  over  the  whole  mass.  When  the  mate- 
rial is  loaded  with  a  steam  shovel,  the  rock  and  clay  are  found  to  be 
proportioned  with  a  fair  degree  of  uniformity. 

THE   USE  OF   HAMMER   DRHXS. 

Hammer  drills  may  be  substituted  for  tripod  drills  wherever  the 
use  of  the  latter  seems  to  be  justified,  for  drilling  holes  ranging  up 
to  12  or  15  feet  deep,  and  their  successful  use  for  even  greater  depths 
is  claimed.  They  work  most  successfully  where  the  rock  is  free  of 
water.  If  resort  to  bench  quarrying  is  deemed  advisable,  hammer 
drills  should  be  substituted  for  tripods  wherever  possible.  A  drill 
of  this  type  may  be  operated  by  one  man,  and  200  to  250  feet  of  hole 
per  day  has  been  attained.  To  obtain  the  highest  efficiency  in  the 
use  of  hammer  drills,  the  air  pressure  should  be  not  less  than  90 
pounds.    Hammer  drills  are  used  widely  for  secondary  drilling. 

ABRANGEMENT   OF   CHURN-DRH^   HOLES   FOR   MULTIPLE   SHOTS. 

The  arrangement  and  spacing  of  drill  holes  is  an  extremely  varia- 
ble factor.  In  most  primary  blasting,  a  series  of  holes  are  fired 
simultaneously  by  electricity.  Such  a  series  is  termed  a  "  battery  of 
holes  "  or  a  "  multiple  shot "  to  distinguish  it  from  a  "  single  shot," 
where  only  one  hole  is  discharged  at  a  time.  For  multiple  shots  the 
holes  are  drilled  in  one  or  more  rows.  The  distance  of  the  row  of 
holes  from  the  face  is  termed  the  ^^  burden,"  and  the  distance  apart 
of  the  holes  in  the  row  is  termed  the  "spacing."  Where  several 
rows  of  holes  are  shot  at  one  time,  the  burden  of  the  second  and  fol- 
lowing rows  is  the  distance  between  that  row  and  the  next  succeed- 
ing row  toward  the  face.  In  some  instances  the  holes  of  the  second 
and  following  rows  are  immediately  behind  those  in  the  first  row, 
as  illustrated  at  J.,  figure  5.  Usually,  however,  the  holes  are  stag- 
gered, as  illustri|.ted  at  i?,  figure  5.  Generally  better  results  may  be 
obtained  by  staggering  the  holes  than  by  placing  them  in  straight 
rows. 

Difficulty  is  sometimes  experienced  in  properly  measuring  the  bur- 
den from  an  uneven  face.  Usually  when  the  burden  is  heavy  the 
effect  of  the  blast  is  to  shatter  and  blow  out  the  surface  rock  for  some 
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distance  back  of  the  line  of  drill  holes.  Such  "  break-backs "  occur 
most  commonly  where  the  upper  beds  are  unsound  or  where  the 
charge  is  placed  too  high  in  the  drill  hole.  In  placing  the  next  line 
of  holes  the  burden  should  not  be  measured  from  the  edge  of  this 
slanting  face,  because  it  would  obviously  be  too  heavy  for  the  lower 
part  of  the  face,  but  should  be  measured  from  the  position  of  the  pre- 
vious line  of  holes.  In  some  quarries  where  holes  are  shot  in  single 
rows,   when   one   row    of 

holes  is  completed  the  bur-     O       O       O  O  O 

den  of  the  second  row  is  O  O 

measured    and   the    posi-     O      O       O  O  O 

tions  for  the  holes  marked  O  O 

before    the    first    row    ^^     Q       Q       Q  Q  Q 

fired.    Thus  the  difficulty  q  q 

of  measuring  from  an  un-    r\      ni       n^  r\  r^ 

even  face  is  eliminated.         vJ       ^       w  r\  r>^ 

The  burden  and  spacing  ^  ^ 

of  drill  holes  varies  ac-     O       O       O      '     O  O 

cording  to  the  nature  of  O  O 

the  rock.    As  a  rule,  the  ^  ^ 

tougher  therock  the  closer  fioum  6.— Methoda  of  placing  drUl  holes  for  mul- 
the  spacing  should  be.      If         ^*P^®  "*^°^*  •  ^'  ^°^^"  *"  parallel ;  B,  holes  stag- 

the  toughness  varies  from 

point  to  point  along  a  rock  ledge  the  spacing  of  holes  for  a  multiple 

shot  should  be  varied  accordingly. 

In  order  to  determine  the  proper  spacing  for  drill  holes  in  any 
particular  quarry,  one  blasting  engineer  recommends  beginning  with 
a  close  spacing  and  then  gradually  increasing  the  distance  until  the 
maximum  spacing  that  will  properly  shatter  the  rock  is  attained. 
In  a  35-foot  ledge  of  moderately  hard  limestone,  drill  holes  should 
have  a  spacing  of  about  12  feet  and  a  burden  of  15  feet.  The  spacing 
and  burden  should  increase  graduaUy  with  increasing  depth  of  holes. 
Where  holes  are  100  to  160  feet  deep  the  spacing  should  rarely  ex- 
ceed 20  feet  or  the  burden  26  feet. 

The  arrangement  of  drill  holes  for  typical  multiple  shots  in  a 
number  of  quarries  throughout  central  and  eastern  United  States  is 
given  in  Table  3. 
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Tabuc  3. — Kind  of  rock,  number,  depth,  and  arrangement  of  chum-drUl  holes 

for  typical  multiple  aTiots, 


Kind  of  rock. 

Average 

depth  of 

holes. 

Number 
of  holes. 

Num- 
ber Of 
rows. 

Opposite  or 
staggered. 

Burden. 

Spacing. 

CenMfit  rook , , 

Feet, 
145 
80 
85 
50 
30 
22 
40 
55 
75 
10 
85 
40 

15  to  20 

10  to  22 

3  to  6 

20 

50  to  60 

20  to  30 

52 

26 

50 

30  to  50 

41 

18  to  25 

10  to  15 

40  to  60 

1 
1 
2 
1 
2 
•  2 
1 
2 
2 
2 
2 
1 
3 

Feet, 

20 

20 

.  18andl8 

15 

12  and  12 

10  and  10 

18 

15  and  15 

15  and  14 

8  and  7 

20and  5 

20 

8,5  &nd  5 

Feet. 
18 

Do 

Starred  1 1 

bppositelll 
Staggered.. 

'stamnidll 

•  •  «  •  •Ulr»««  •  •  • 

•  •  «  •  •  Uw  •■•••• 

•  «  •  •  »  Uw«  •  »  •  •  • 

'staisenidll 

20 

Do 

18 

Limestone . 

15 

Do 

12 

Do 

12 

Do 

18 

Do 

15 

Do 

18 

Do 

12 

Do 

20 

Do 

12  to  15 

Do 

7  to   8 

Of  the  examples  in  Table  3,  wherever  more  than  one  row  of  holes 
is  employed,  the  holes  are  staggered  in  every  instance  except  one. 
Some  have  the  holes  arranged  in  three,  four,  five,  or  even  six  rows, 
in  all  these  the  adjacent  rows  are  staggered.  Where  two  rows  of 
holes  are  used  the  burden  of  the  second  is  in  some  examples  equal 
to  that  of  the  first,  whereas  in  others  it  is  less  than  the  first  It  is 
regarded  better  practice  to  make  the  burden  for  the  second  and  sub- 
sequent rows  one-half  to  two-thirds  that  of  the  first  row. 

No  attempt  is  made  to  judge  the  relative  efficiency  of  the  various 
arraAgements  recorded.  In  fact,  to  do  so  would  be  almost  impossible, 
because  the  rock  varies  so  widely  in  different  localities  that  no  one 
method  is  applicable  to  all  types.  Possibly  the  arrangements  shown 
are  not  the  most  efficient  that  could  be  used.  However,  they  represent 
practice  at  quarries  that  have  been  in  operation  for  many  years  and 
where  various  methods  have  been  tried,  consequently  it  may  be  as- 
sumed that  a  fair  degree  of  efficiency  has  been  attained. 

ARBANGEMENT  OF  SMALL  DRILL  HOLES  FOR  MULTIPLE  SHOTS. 

Wagon-drill  holes  may  be  fired  in  a  single  row  or  in  several  rows. 
They  are  spaced  much  more  closely  than  chum-drill  holes.  Holes 
made  with  a  tripod  or  hammer  drill  may  be  fired  in  one  or  in  several 
rows,  and  the  burden  and  spacing  are  usually  not  more  than  6  feet 

ATirrUDE  OF  BEDS  IN  RELATION  TO  BLASTING. 


ADVANTAGE  OF  FLAT-LYINQ  BEDS. 


In  blasting  rock  a  certain  proportion  of  the  explosive  force  is  ex- 
pended in  separating  the  mass  from  the  quarry  floor,  the  proportion 
required  depending  on  the  ease  of  separation.  Hence  an  open  bedding 
plane  at  the  floor  greatly  facilitates  separation  and  promotes  efficiency 
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in  blasting.  Where  the  rock  lies  approximately  flat  and  where  open 
bedding  planes  occur  at  intervals,  the  quarryman  should  endeavor  to 
make  one  of  the  open  seams  the  quarry  floor. 

DIFFICULTIES  ENCOTTNTEBIED  IN   STEEPLY   INCLINED  BEDS. 

If  the  beds  are  steeply  inclined,  the  quarry  floor  must  of  necessity 
cut  them,  consequently  open  bedding  seams  can  not  be  utilized  to 
make  a  smooth  quarry  floor.  In  such  quarries,  breaking  the  rock  free 
from  the  quarry  floor  requires  considerable  force.  The  burden  of 
material  between  the  bottom  of  the  bore  hole  and  the  face  is  termed 
the  toe.  It  is  always  desirable  to  obtain  a  "  clean  toe,"  by  which  is 
meant  sufficient  shattering  of  the  material  that  constitutes,  the  toe  to 
make  its  entire  removal  possible  without  excessive  secondary  blasting. 
When  there  is  no  plane  of  separation  at  the  quarry  floor  it  is  custo- 
mary to  drill  the  holes  2  to  5  feet  below  the  floor  level,  in  order  that 
enough  of  the  explosive  may  be  concentrated  at  the  base  to  give  a 
clean  toe. 

If  insufficient  explosive  is  used  or  drill  holes  are  improperly  ar- 
ranged, masses  of  solid  rock  may  remain  projecting  into  the  quarry 
at  the  toe  and  cause  great  difficulty  in  obtaining  a  clean  toe  for  the 
next  shot.  Under  such  conditions  the  chum-drill  holes  are  as  a  rule 
supplemented  with  "snake  holes."  The  term  "snake  holes"  is  ap- 
plied to  holes  drilled  in  an  approximately  horizontal  direction  and 
usually  near  the  quarry  floor. 

DIRECTION  OF  QUARBY  FACE  FOB  STEEPLY  INCLINED  OPEN  BEDS. 

Where  rock  is  quarried  from  steeply  inclined  beds  with  open  bed- 
ding planes  at  intervals,  the  main  quarry  face  may  be  parallel  or  be 
perpendicular  to  the  strike.  The  plan  that  tends  to  develop  the 
quarry  face  in  the  direction  that  results  in  the  most  efficient  blasting 
should  be  followed. 

When  the  quarry  face  is  parallel  with  the  strike  and  the  beds  dip 
toward  the  face,  the  rock  tends  to  separate  along  the  bedding  planes 
and  slide  down,  resulting  in  a  steeply  inclined  rather  than  a  vertical 
face,  as  illustrated  in  Plate  II,  5  (p.  40).  An  unfavorable  feature  of 
blasting  a  sloping  face  is  that  the  burden  is  heavier  at  the  toe  and  the 
chum-drill  holes  have  to  be  supplemented  with  "  snake  holes."  Plate 
III,  -4,  illustrates  the  drilling  of  snake  holes  in  a  steeply  inclined 
face.  This  supplementary  process  adds  to  the  cost  of  both  drilling 
and  loading  holes.  Under  normal  conditions  of  quarrying  with  a 
vertical  face,  snake  holes  are  rarely  required.  Another  objection  to 
a  slanting  face  is  the  danger  to  which  quarrymen  are  exposed  from 
the  rock  sliding  down  the  smooth,  steep  slope.  If  the  face  is  main- 
tained more  nearly  vertical  than  the  dip  of  the  beds,  the  danger  is 
increased. 
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Also,  where  the  beds  dip  toward  the  face  the  rock  tends  to  slide 
down  in  large  masses  not  sufficiently  shattered,  especially  when  low- 
grade  explosives  are  employed.  Under  such  circumstances  it  is  best 
to  use  a  high-grade  rapid-detonating  explosive,  which  will  act  more 
quickly  and  effectually  shatter  the  mass  before  it  begins  to  slide. 

If  the  quarry  face  parallels  the  strike  and  the  beds  dip  away  from 
the  face,  a  still  more  unfavorable  condition  prevails.  This  con- 
dition is  illustrated  in  figure  6.  As  the  face  is  continually  advanced 
in  the  direction  of  the  dip,  the  rock  must  be  forced  up  the  dip,  an 
operation  that  requires  an  excessive  amount  of  explosive.  Fur- 
thermore, "snake-hole"  blasting,  if  employed,  tends  to  undermine 
the  face  and  render  it  unsafe.  Also,  there  is  usually  great  difficulty 
in  obtaining  a  clean  toe.  This  method  of  quarrying  has  been  ob- 
served by  the  writer  in  three  locali- 
ties, and  in  each  instance  the  costs 
were  excessively  high. 

When  the  quarry  face  is  perpen- 
dicular to  the  strike,  as  illustrated 
in  Plate  III,  5,  a  vertical  face  may 
be  maintained,  and  the  rock  is 
thrown  down  with  comparative 
ease.  If  the*  rock  has  open  bed- 
ding seams,  part  of  the  force  of 
the  explosive  may  be  lost.  How- 
ever, this  loss  will  occur  to  some 
extent  whatever  the  direction  of 
the  face.  If  all  the  factors  are  taken  into  consideration  it  is  evident 
that  a  quarry  can  be  developed  to  best  advantage  with  the  face 
crossing  the  strike. 

BLASTING  IN  CHAMBEBED  "  SNAKE  HOLES." 

Under  certain  conditions  blasts  in  chambered  "  snake  holes "  are 
found  to  give  the  best  results.  This  method  is  employed  in  the  steeply 
tilted  irregular  limestones  of  eastern  Pennsylvania.  The  method 
could  probably  be  used  to  advantage  in  some  ledges  consisting  of 
steeply  inclined  beds  with  open  seams,  as,  for  example,  those  near 
Security,  Md.,  and  Spear's  Ferry,  Va.  If  the  face  exceeds  60  feet 
in  height  the  snake  holes  should  be  supplemented  by  vertical  holes, 
or  the  rock  should  be  removed  in  two  benches  with  snake  holes. 

The  snake  holes  are  drilled  with  tripod  drills  and  are  24  to  30 
feet  deep.  It  is  most  convenient  to  start  the  hole  about  2  feet  above 
the  quarry  floor  and  to  slant  it  ^enough  to  reach  a  little  below  floor 
level  at  its  inner  end.    As  recommended  by  S.  R.  Russell,®  blasting  en- 


TiGUBK  6. — Diagram  showing  conditions 
where  rock  beds  dip  away  from  quarry 
face. 


'Bnssell,  8.  B.,  Modem  quarrying:  Da  Pont  Magazine,  June,  1916,  p.  0. 
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gineer  of  E.  I.  Du  Pont  de  Nemours  &  Co.,  the  holes  should  be  sprung 
about  five  times  to  give  chambers  of  sufficient  size.  The  first  spring- 
ing charge  should  consist  of  two  IJ  by  8  inch  cartridges  of  dyna- 
mite, the  second  six  cartridges,  the  third  12  to  15  cartridges,  the 
fourth  20  to  30  cartridges,  and  the  fifth  40  to  50  cartridges.  A  mark 
is  placed  on  the  tamping  stick,  and  after  each  springing  shot  the 
chamber  is  filled  to  the  mark  on  the  stick.  As  a  safety  precaution 
a  period  of  at  least  two  hours  should  elapse  between  springing 
shots  in  order  to  allow  the  rock  to  cool.  Holes  are  usually  so  sprung 
that  they  can  each  be  loaded  with  100  to  300  pounds  of  explosive. 
The  charge  should  not  extend  more  than  4  or  5  feet  from  the  cham- 
bered part  into  the  shank  of  the  hole.  "  Forty  per  cent "  dynamite 
gives  satisfactory  results  in  limestone.  A  convenient  device  for 
loading  snake  holes  is  a  tin  or  brass  pipe,  which  can  be  pulled  out 
gradually  as  the  explosive  rises  in  the  chamber.  This  method  of 
blasting  is  cheap  and  efficient  where  conditions  are  favorable, 
although  considerable  care  and  judgment  are  required  of  the  blaster. 

"  GOPHER-HOIiB  "  OR  "  TUNNEL  "  METHOD  OF  BLASTING. 

Another  method,  known  in  the  East  as  '^  tunnel "  blasting,  in  the 
Middle  West  as  ^^  gopher-hole  "  blasting,  and  on  the  Pacific  coast  as 
'^  coyote-hole  "  blasting,  consists  in  firing  large  charges  in  small  tun- 
nels driven  into  the  quarry  face  at  the  floor  level.  The  method  is 
simply  snake-hole  blasting  on  a  large  scale.  The  tunnel  or  drift  is 
made  as  small  as  can  be  conveniently  driven,  being  usually  3  to  4 
feet  wide  and  4  feet  high.  The  tunnel  driving  is  usually  done  by  con- 
tract at  a  price  ranging  from  $1.50  to  $2  per  foot.  Plate  II,  C  (p.  40) , 
diows  the  opening  of  a  '^  gopher  hole ''  at  the  base  of  a  ledge.  As  a 
rule,  the  tunnel  is  driven  40  or  50  feet  and  then  right  and  left  cross 
headings  are  driven  at  right  angles  to  the  main  leg,  thus  making  a  T- 
shaped  opening.  The  dynamite  is  all  placed  in  the  cross  headings  and 
none  in  the  main  leg.  It  can  be  packed  more  closely  if  the  cartridges 
are  removed  from  the  boxes.  The  charge  should  be  divided  into  sev- 
eral parts  having  intervals  of  15  to  20  feet  between,  filled  with  muck. 
Some  quarrymen  fill  the  intersection  of  the  legs  and  at  least  half 
of  the  main  leg  with  lean  concrete,  which  is  allowed  to  stand  for  at 
least  48  hours.  Owing  to  the  danger  of  premature  discharge  or  dam- 
age by  water  seepage  where  a  charge  is  left  standing  for  48  hours,  a 
better  practice  is  to  build  rough  arches  of  small  bowlders  facing  the 
charge  in  each  branch  and  in  the  main  leg.  The  charges  should  be 
wired  in  parallel  and  fired  with  a  power  current  if  possible.  There 
should  be  at  least  two  detonators  in  each  explosive  chamber,  and  to 
insure  against  misfires  the  chambers  should  be  connected  with  tri- 
nitrotoluene detonating  fuse. 
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The  method  is  best  adapted  for  quarrying  a  high  face  where  the 
strata  are  irregular  or  conditions  make  it  difficult  to  operate  cable 
drills,  and  is  not  suited  for  working  a  face  less  than  70  or  80  feet 
high.  The  maximum  height  permissible  is  150  to  175  feet.  If  the 
face  is  more  than  about  100  feet,  it  is  wise  to  sink  a  few  supple- 
mentary chum-drill  holes  from  the  surface  between  the  back  line 
of  the  tunnel  and  the  face.  These  holes  should  be  about  one-third 
the  depth  of  the  face.  When  loaded  with  light  charges  and  fired 
simultaneously  with  the  main  charge  they  assist  greatly  in  breaking 
the  upper  rock. 


«  n^^-mm  trrt.y^  n  " 


EXAMPLES   OF    '*  GOPREB-HOLE "    BLASTS. 


The  charge  used  in  a  New  York  quarry  for  a  "  gopher-hole  "  blast 
supplemented  by  blasts  in  chum-drUl  holes  consisted  of  18,700  pounds 
of  60  per  cent  gelatin  dynamite  and  15,350  pounds  of  granulated 
nitroglycerin  blasting  powder.  The  blast  threw  down  about  72,000 
cubic  yards  of  stone,  or  approximately  5.6  tons  per  pound  of  ex- 
plosive. 

The  charge  for  another  blast  of  the  same  type  consisted  of  28,575 
pounds  of  60  per  cent  gelatin  dynamite  and  26,550  pounds  of  granu- 
lated nitroglycerin  blasting  powder.  About  210,000  cubic  yards  of 
rock  were  moved,  or  about  9.5  tons  per  pound  of  explosive. 

TYPES  OF  EXPIiOSIVES  USED. 

The  types  of  explosives  commonly  used  in  quarrying  rock  for 
cement  manufacture  are  "straight"  nitroglycerin  dynamite,  am- 
monia dynamite,  gelatin  dynamite,  low-freezing  dynamite,  and  nitro- 
starch  blasting  powder.  A  detailed  discussion  of  the  composition 
and  properties  of  these  explosives  is  given  in  Bulletin  48.« 

Straight  nitroglycerin  dynamite  was  in  past  years  commonly  em- 
ployed for  primary  shots,  but  recently  has  given  place  largely  to 
ammonia  dynamite  and  nitrostarch  blasting  powder.  The  composi- 
tions of  typical  explosives  of  the  former  type  are  shown  in  Table  4. 

Table  4. — CompoHtions  of  iO  per  cent  and  60  per  cent  **  strcUght "  nitroglycerin 

dyn<junites.^ 


Ingredients. 


40  per 

cent 

strength. 


00p<7 

cent 

strength. 


Nitroglyoerln 

Wooapulp 

Bodlum  nitrate 

Ofti^tinm  or  magnesium  carbonates.. 


•  Hall,  Clarence,  and  Howell,  S.  P.,  The  selection  of  ezploslves  used  in  engineering  and 
mining  operations:  Bull.  8,  Bureau  of  Mines,  1913,  50  pp. 

*  Hall,  Clarence,  and  Howell,  S.  P.,  work  cited,  p.  7. 
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Ammonia  djmamite  is  now  commonly  employed.  Its  tendency  to 
absorb  moisture  condemns  its  use  in  wet  quarries.  The  compositions 
of  typical  ammonia  dynamites  sold  in  the  United  States  are  shi^wn 
in  Table  5. 

Table  5. — Compositions  of  typical  40  per  cent  and  60  per  cent  ammonia 

dynamites.*^ 


Ingredients. 


Nitruglyoerlii 

Ammonium  nitrate 

Sodiom  nitrate. 

Gombostible  material  b 

Calcium  oarbanate  or  cine  oxide 


40  per 

cent 

strength. 


60  per 

cent 

strength. 


35 
30 
24 
10 
1 


100 


a  Hall,  Clarenoe,  and  Howell,  8.  P.,  work  cited,  p.  8. 
b  Consisting  of  wood  pulp,  flour,  and  sulphur. 

In  quarries  where  much  water  is  encountered  gelatin  dynamite  has 
been  used  with  success.  Gelatin  dynamite  contains  a  small  percent- 
age of  nitrocellulose,  which  gelatinizes  the  nitroglycerin  and  renders 
it  impervious  to  water.  The  compositions  of  typical  gelatin  dyna- 
mites as  sold  in  the  United  States  are  shown  in  Table  6. 

Table  6. — Compositions  of  typical  40  per  cent  and  60  per  cent  gelatin  dynamites.^ 


Ingredients. 

40  per 

cent 

strength. 

60  per 
cent 

NititMlToerin 

33.0 

1.0 

52.0 

13.0 

1.0 

fi&O 

Nitrooeuuloee 

1  0 

RnHiiim  nitnte. .,,-,-,- T. ................. ......... 

88.1 

Combustible  material  * -.t,-»t^ »^---,-r,r...r, .,...., ..» 

0.0 

Oalnium  carbonate.,  .x^.-r - 

1  0 

100.0 

100.0 

a  Hall,  darenoe,  and  Howell,  8.  P.,  work  cited,  p.  8. 

b  Wood  pulp  is  used  in  60  per  cent  strength  gelatin  dynamite.   Sulphur,  flour,  wood  pulp,  and  some- 
times re^  are  used  in  other  grades. 

Low-freezing  dynamites  are  recommended  for  blasting  in  winter. 
Their  freezing  point  is  about  35®  Fahrenheit.  Other  types  of  explo- 
sives may  be  kept  from 'freezing,  or  if  frozen  may  be  safely  thawed 
by  using  proper  apparatus,**  but  there  is  still  danger  that  the  explo- 
sive may  become  chilled  from  the  air  or  from  the  cold  rock  while 
being  loaded.  Compositions  of  typical  low-freezing  dynamites  are 
given  in  Table  7. 


•Bee  Hall,  Clarence,  and  Howell,  S.  P.,  Magazines  and  thaw  houses  for  explosives: 
Teoh  Paper  18,  Bureau  of  Mines,  1912,  34  pp. 
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Table  7. — Compositions  of  typical  40  per  cent  and  60  per  cent  strength  low- 
freezing  dynamites,^ 


Ingredients. 


Nltroglyoerin 

NltrosuDstitutlon  compounds 

Combustible  material  o 

Sodium  nitrate 

Oidcium  or  magnesium  carbonate . 


100 


40  per 

60  per 

cent 

cent 

strength. 

30 

45 

10 

15 

15 

16 

44 

23 

1 

1 

100 


a  Hall,  darence,  and  H6well,  S.  P.,  The  selection  of  explosives  used  in  engineering  operations:  BulL 
48.  Bureau  of  Mines,  1914,  p.  7. 
o  Composition  similar  to  that  of  the  "straight"  nitroglycerin  dynamites. 

Nitrostarch  blasting  powders  are  used  in  a  number  of  quarries. 
They  are  relatively  insensitive  to  shock  and  are  consequently  safer 
to  handle  than  more  sensitive  types.  The  compositions  of  typical 
nitrostarch  blasting  powders  used  in  the  United  States  are  given  in 
Table  8. 

Table  8. — Composition  of  typical  40  per  cent  and  60  per  cent  strength  nitro- 
starch blasting  powders,^ 


Ingredients. 


40  per 

cent 

strength. 


60  per 

cent 

strength. 


• 

Nitrostarch  ••••. 

Sodium  nitrate 

Ammonium  nitrate 

Sulphur 

Oil 

Chalk 


100.0 


loao 


•  Table  supplied  by  S.  R.  Russell,  of  B.  I.  da  Pont  de  Nemours  &  Co.,  Wilmington,  Del. 

Much  useful  information  on  the  use  of  explosives  in  quarrying 
may  be  found  in  Bulletin  80  of  the  Bureau  of  Mines.^ 

RATE  or  DETONATION. 

An  important  feature  of  explosives,  froip.  the  qu^rryman's  view- 
point, is  the  rate  of  detonation.  Explosives  that  have  a  relatively 
slow  rate  of  detonation,  such  as  the  lower  grades  of  nitroglycerin 
dynamite,  tend  to  push  out  masses  of  rock  rather  than  to  Matter 
them,  or,  in  other  words,  the  eflfect  is  propulsive  rather  than  dis- 
ruptive. On  the  other  hand,  explosives  that  have  a  rapid  rate  of 
detonation,  such  as  the  higher  grades  of  nitrogylcerin  dynamite, 
tend  to  shatter  the  rock ;  that  is,  their  effect  is  primarily  disruptive. 


•Munroe,  C.  B.,  and  Hall,  Clarence,  A  primer  on  exploalyes  for  metal  miners  and 
quarrymen :  Bull.  80,  Bureau  of  Mines,  1016,  126  pp. 
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In  blasting  rock  for  the  manufacture  of  cement,  the  aim  of  the  quar- 
ryman  is  to  break  the  rock  into  small  pieces,  hence  the  explosive  used 
should  have  great  disruptive  force.  "  Straight "  nitroglycerin  and 
gelatin  dynamites  develop  the  strongest  disruptive  force  of  any  of  the 
ordinary  explosives  available  for  quarry  work. 

GASES  EVOLVED  BY  EXPLOSIVES. 

Carbon  monoxide  and  hydrogen  sulphide  are  the  two  most  com- 
mon poisonous  gases  formed  by  the  detonation  of  explosives.  Hy- 
drogen sulphide  can  be  easily  recognized  by  its  strong  characteristic 
odor.  Carbon  monoxide  is  invisible  and  odorless  and  its  effects  are 
swift  and  deadly.  It  is,  therefore,  the  most  to  be  feared  of  all  the 
gases  evolved.  Carbon  monoxide  is  produced  chiefly  by  the  low- 
freezing  and  "  straight "  nitroglycerin  dynamites,  and  hydrogen  sul- 
phide by  the  gelatin  dynamites  and  black  blasting  powder. 

Considerable  quantities  of  the  oxides  of  nitrogen  may  be  formed 
when  the  explosive  bums  rather  than  detonates.  This  may  occur 
from  the  side-spitting  of  a  fuse  or  through  the  use  of  weak  detona- 
tors. After  careful  determinations,  Mann «  found  that  where  com- 
plete detonation  occurs,  very  small  amounts  of  the  oxides  of  nitrogen 
are  formed. 

The  fact  should  be  emphasized  that  when  detonation  is  incomplete, 
poisonous  gases  of  various  kinds  are  produced  in  excessive  amount. 
Therefore,  greater  safety,  as  well  as  increased  efficiency,  is  brought 
about  by  strong  and  complete  detonation  of  the  charge. 

As  most  quarrying  is  of  the  open-pit  type,  the  gases  from  small 
blasts  can  usually  escape  readily.  Where  large  blasts  are  fired, 
however,  especially  in  deep  quarries,  sometimes  too  little  attention 
is  given  to  the  dangers  from  the  gases  evolved.  An  instance  has 
been  recorded^  of  the  poisonous  gases  resulting  from  a  heavy  blast 
causing  the  death  of  7  men  and  rendering  40  others  imconscious. 
They  entered  the  quarry  about  one-half  hour  after  the  blast  had  been 
fired.  Obviously,  after  a  large  blast,  sufficient  time  should  be  allowed 
for  the  gases  to  escape  before  anyone  is  permitted  to  enter  the  quarry. 
In  any  event  enough  time  should  be  allowed  to  render  the  men 
safe  from  possible  delayed  explosions. 

In  a  number  of  cement-manufacturing  localities  the  rock  is  mined, 
and  as  the  blasting  is  in  tunnels  the  presence  of  poisonous  gases  may 
constitute  a  grave  danger  to  the  workmen.  For  underground  work 
those  explosives  should  be  selected  that  will  break  the  rock  efficiently 
and  at  the  same  time  evolve  a  minimum  of  poisonous  gases.    Through 

•Mann,  E.  A.,  Report  on  Inyestlgatlons  Into  the  compositions  of  the  gases  caused  by 
blasting  in  mines:  Perth,  Australia,  1911,  pp.  14-15. 

*  See  Munroe,  C.  E.,  and  Hall,  Clarence,  A  primer  on  exploslyea  for  metal  mines  and 
quarrymen:  Bull.  80,  Bureau  of  Mines,  1015,  p.  16. 
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experiments  conducted  by  the  Bureau  of  Mines,**  it  was  found  that 
the  amount  of  poisonous  gases  evolved  could  be  decreased  by  reduc- 
ing the  proportion  of  combustible  material  in  the  explosive  and  in 
the  paper  wrapper  containing  it.  Such  a  reduction  has  the  effect  of 
increasing  the  amount  of  oxygen  available  for  combustion.  The 
tests  showed  that  the  proportion  of  poisonous  gases  was  lowest  with 
gelatin  dynamite  and  may  be  further  reduced  by  diminishing  the 
content  of  combustible  material,  and  also  by  substituting  flour  for 
sulphur,  wood  pulp,  or  resin  in  the  combustible  portion  of  the  ex- 
plosive. It  is  recommended,  therefore,  that  for  underground  blast- 
ing a  "  40  per  cent "  gelatin  dynamite  of  the  following  composition 
be  used: 

Special  formula  for  40  per  cent  strength  gelatin  dynamite,^ 

Nitroglycerin  33 

Nitrocellulose    j. 1 

Sodium  nitrate  54 

Ck)mbustible  material  *^ 11 

Calcium  carbonate 1 


100 

Where  blasting  is  conducted  in  confined  drifts,  the  use  of  a  jet 
of  compressed  air  at  the  face  assists  in  driving  the  poisonous  gases 
away.  Where  work  is  carried  on  in  several  places  simultaneously, 
it  is  wise  for  the  men,  after  a  blast  has  been  fired,  to  work  for  a  few 
hours  at  another  breast  and  thus  allow  sufScient  time  for  the  gases  to 
escape. 

AMOUNT  OF  EXPLOSIVE  FOR  PRIMABT  SHOTS. 

In  proportioning  a  charge,  good  judgment  should  be  exercised. 
The  object  to  be  kept  in  view  in  blasting  is  to  shatter  the  rock  into 
reasonably  small  pieces  and  at  the  same  time  move  it  as  little  as 
possible. 

There  are  several  disadvantages  in  blasting  in  such  a  manner  that 
the  rock  is  thrown  too  far.  The  most  obvious  loss  in  overcharging  is 
the  waste  of  explosive  involved.  Also,  if  the  rock  is  scattered  far 
from  the  face,  the  cost  of  loading  the  scattered  fragments  is  exces- 
sive where  steam  shovels  are  employed.  The  disadvantage  of  over- 
charging is,  in  this  respect,  most  pronounced  where  the  face  is  high. 

Moreover,  the  tracks  for  cars  or  steam  shovels  are  usually  close  to 
the  quarry  face.  If  the  tracks  are  where  rock  may  be  thrown  on  them 
by  the  blast,  considerable  time  and  labor  are  required  to  move  them, 
or,  if  left  in  position,  to  remove  obstructions  and  repair  damage 

•  See  Hall,  Clarence,  and  Howell,  S.  P.,  work  cited,  p.  10. 

•  Hall,  Clarence,  and  Howell,  S.  P.,  work  cited,  p.  11. 

•  Flour. 
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caused  by  flying  rock.    Furthermore,  the  danger  to  the  workmen 
is  great  where  rock  is  likely  to  fly  long  distances. 

GOOD  JUDGMENT  AND  EXPERIENCE  REQUIRED. 

Lack  of  good  judgment  on  the  part  of  a  blasting  foreman  may 
cause  much  trouble  and  annoyance  to  the  men  handling  tlie  rock. 
An  instance  was  noted  where,  through  poor  judgment,  the  blasting 
foreman  advised  removal  of  the  tracks  from  the  vicinity  of  the 
quarry  face.  When  the  shot  was  fired  the  rock  was  moved  so  little 
that  no  damage  or  obstruction  would  have  been  caused  to  the  tracks. 
For  a  subsequent  shot  the  foreman  expressed  the  opinion  that  the 
tracks  were  in  no  danger.  When  the  shot  was  fired  they  were  buried 
with  rock. 

Good  judgment  in  determining  the  amount  of  explosive  necessary 
is  manifested  also  in  the  effect  produced  on  the  rock  mass.  When 
drill  holes  in  a  low  bench  are  loaded  too  heavy,  the  blast  tends  to 
throw  out  a  trench  along  the  line  of  holes.  When  this  takes  place  the 
rock  near  the  holes  is  thrown  too  far  and,  at  the  same  time,  the  blast 
loses  much  of  its  effectiveness  for  shattering  the  rock  farther  from 
the  holes.  The  throwing  out  of  a  trench  in  this  manner  is  known 
locally  as  a  "  chimney  "  shot.  At  one  quarry  visited  where  an  over- 
charged blast  was  fired  the  charge  was  sufficient  to  blow  out  a  trench 
nearly  to  the  bottom  of  the  quarry  face,  which  at  that  point  was 
22  feet  high.  On  the  other  hand,  if  the  holes  are  loaded  too  light 
the  rock  is  insufficiently  shattered  and  much  secondary  blasting  is 
required. 

On  a  bench  less  than  30  or  35  feet  high  the  ideal  shot  thoroughly 
shatters  the  mass  and  moves  it  but  little  from  its  original  position. 
This  result  is  best  accomplished  by  employing  the  "  buffer  "  method, 
as  described  in  a  subsequent  paragraph.  As  a  result  of  such  a  shot, 
the  mass  of  shattered  rock  may,  on  account  of  the  air  spaces  formed 
within  it,  stand  up  several  feet  higher  than  the  face,  and  is  in  excel- 
lent condition  for  loading  with  steam  shovels. 

Success  in  loading  drill  holes  depends  on  good  judgment  and  ex- 
perience. Experience  gained  in  one  locality  may  not  serve  for  an- 
other locality  on  accoimt  of  variations  in  local  conditions.  Each  rock 
deposit  has  its  own  peculiar  features,  and  it  is  only  by  long  experi- 
ence that  one  can  become  sufficiently  familiar  with  the  conditions  to 
attain  a  high  degree  of  efficiency  in  blasting. 

CALCULATION  OP  CHARGE. 

Mere  guesswork  in  proportioning  the  charge  can  not  be  too  strongly 
condemned.  Many  failures  of  shots  are  due  to  the  crude  methods  of 
determining   the   amount   of   explosive   used.     When    chum-drill 

46723'— 18 5 
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methods  are  first  tried,  a  common  mistake  is  to  make  the  burden  too 
heavy.  It  is  then  impossible  to  place  enough  explosive  in  the  drill 
holes  to  effectually  shatter  the  mass  of  rock  blocked  out.  Blasting 
in  churn-drill  holes,  as  practiced  in  many  quarries  at  the  present 
time,  involves  large  costs  for  drilling  and  explosives  for  a  single 
shot.  Where  the  cost  of  one  shot  may  reach  several  thousands  of 
dollars,  failure  of  the  shot  results  in  considerable  loss.  Success  in 
blasting  depends  largely  on  the  proper  proportioning  of  the  charge, 
consequently  a  careful  and  systematic  method  of  determining  th& 
charge  should  be  followed. 

The  best  method  is  to  calculate  the  tonnage  of  rock  to  be  moved 
and  to  proportion  the  charge  accordingly.  The  tonnage  in  short  tons 
may  be  easily  calculated  by  multiplying  together  the  length,  breadth, 
and  height,  in  feet,  of  the  mass  to  be  moved,  multiplying  this  product 
by  the  weight  of  a  cubic  foot  of  the  rock,  and  dividing  by  2,000.  An 
average  weight  per  cubic  foot  of  solid  limestone  is  168  pounds.  If  a 
reliable  determination  has  been  made  of  the  weight  of  the  rock  in 
any  quarry,  the  figure  obtained  may  be  used  in  place  of  168. 

If,  for  example,  the  length  of  the  mass  of  rock  to  be  shot  down 

is  200  feet,  the  width  25  feet,  and  the  height  80  feet,  the  approximate 

200X25X80X168 

tonnage  would  be =  33,600  tons. 

2000 
The  amount  of  explosive  required  for  a  given  tonnage  depends 

on  the  physical  properties  of  the  rock,  such  as  hardness,  soundness, 
the  attitude  of  the  beds,  and  also  on  the  type  of  explosive  employed. 
As  a  rule,  1  pound  of  the  explosive  ordinarily  used  in  churn-drill 
holes  is  sufficient  for  breaking  4  to  5  tons  of  rock.  An  exact  figure 
can  be  determined  only  by  experience.  If  the  charge  is  calculated 
on  a  basis  of  1  pound  of  40  per  cent  "  straight "  nitroglycerin  dyna- 
mite or  nitrostarch  blasting  powder  for  each  5  tons  of  rock,  and  the 
rock  is  not  sufficiently  shattered,  either  the  proportion  of  explosive 
should  be  increased  or  a  higher  grade  should  be  employed.  If,  on 
the  other  hand,  a  V-shaped  mass  is  blown  out  and  the  rock  is  hurled 

to  a  great  distance,  subsequent  charges  may  be  reduced  in  size  or  a 
weaker  explosive  may  be  substituted. 

The  amount  of  explosive  as  determined  on  some  such  basis  may  be 
proportioned  among  the  various  drill  holes.  Even  when  all  the  holes 
are  of  equal  depth,  it  may  be  wise  to  vary  the  chargea  In  blasting  a 
heavy  toe,  or  a  corner,  heavier  charges  may  be  required  for  certain 
holes  than  for  others. 

Usually  the  drill  holes  are  not  of  equal  depth  because  the  surface 
is  curved,  sloping,  or  irregular.  Under  such  conditions  it  is  neces- 
sary to  calculate  the  charge  for  each  drill  hole.    To  simplify  such  de- 
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terminations,  Table  9  has  been  compiled,  showing  the  number  of  tons 
of  rock  for  each  foot  of  drill  hole  for  various  spacings  and  burdens. 
The  figures  in  the  horizontal  line  at  the  top  represent  the  number  of 
feet  of  spacing,  and  in  the  column  at  the  left,  the  number  of  feet  of 
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burden.  Thus,  by  following  to  the  right  the  line  for  any  particular 
burden  until  the  column  under  the  desired  spacing  is  reached,  the  fig- 
ure found  will  represent  the  number  of  tons  of  rock  that  must  be 
moved  for  each  foot  of  drill  hole.    If,  for  example,  the  burden  is  14 
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feet  and  the  spacing  11  feet,  12.93  tons  of  rock  must  be  moved  for 
each  foot  of  drill  hole.  By  multiplying  this  quantity  by  the  depth 
of  the  hole  in  feet,  the  total  tonnage  for  which  explosive  must  be  pro- 
vided in  this  hole  may  be  determined. 

Obviously,  the  proper  spacing  and  burden  for  a  given  size  of 
drill  holes  may  be  determined  in  the  same  way.  Thus  it  may  be 
found  that  when  the  calculated  amount  of  explosive  is  placed  in  a 
5f-inch  drill  hole  the  charge  is  too  low  in  the  hole  to  break  the 
Upper  rock  effectually.  The  difficulty  may  be  overcome  by  separat- 
ing the  charge  into  two  parts  with  intermediate  stemming,  by  using 
a  larger  amount  of  a  lower  grade  explosive,  by  increasing  the  burden 
and  spacing  of  the  drill  holes  and  increasing  the  charge  accordingly, 
or  by  reducing  the  diameter  of  the  drill  holes.  When  the  explosive 
would  fill  the  bore  hole  too  high,  it  may  be.  a  good  plan  to  chamber 
the  hole.  If  the  drill  holes  will  not  hold  enough  40  per  cent  strength 
explosive  to  properly  break  the  bottom,  it  is  better  to  use  60  per  cent 
strength  explosive  in  the  bottoms  of  the  holes. 

In  order  to  judge  the  proper  size  of  drill  holes  to  use,  the  shot 
firer  should  know  the  number  of  pounds  of  explosive  that  can  be 
placed  in  a  drill  hole  of  a  given  size.  Table  10,  compiled  by  one 
explosives  firm,*  indicates  the  quantity  of  various  types  of  explosives 
that  can  be  placed  in  each  foot  of  drill  holes  of  various  sizes  when 
the  cartridges  are  slit  and  the  charge  well  tamped. 

Table  10. — Quantity  of  explosive  per  foot  that  can  he  placed  in  drUl  hole$  of 

various  sizes. 


Straight 

Low 

Extra 
ammonia 
dyna- 
mite. 

Dfameter 
ofdrUl 

Gelatin 
dyna- 

nitro- 

glvoerln 

dyna* 

mite. 

ftieezlng 

hole. 

mite. 

mite. 

J-neket, 

Pound*. 

Pottfidf. 

PounU, 

Pottfidf. 

3 

4.26 

3.76 

3.60 

8.72 

3i 

5.68 

6.10 

4.80 

6.07 

4 

7.66 

6.60 

6.33 

6.63 

4i 

9.36 

8.40 

8.00 

8.38 

5 

11.80 

10.60 

10.08 

10.36 

H 

14.04 

13.20 

12.63 

13.00 

« 

17.00 

16.00 

14.40 

14.00 

The  conditions  of  a  shot  may  be  varied  by  changing  the  amount  of 
the  charge,  by  changing  the  type  of  the  explosive,  and  by  varying 
the  spacing  and  burden  of  the  drill  holes.    Hence  the  problem  is  com- 
plicated, and  good  judgment  and  long  experience  are  required  on  the, 
part  of  the  shot  firer  before  maximum  efficiency  is  attained. 

•  See  E.  I.  Du  |Pont  de  Nemours  k  Co.  catalogue :  Explosiyes  for  quarry  blasting,  1915, 
p.  16. 
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"blanket"  or  "butfer"  blasting. 

The  effectiveness  of  blasting  may,  under  certain  conditions,  be 
greatly  facilitated  by  "  blanket "  or  "  buffer "  blasting,  also  termed 
"  shooting  against  the  bank."  This  method  can  be  employed  only 
when  the  face  does  not  exceed  30  or  35  feet  in  height.  In  loading  the 
shattered  rock  with  a  steam  shovel  a  strip  14  to  20  feet  wide  is  left 
next  to  the  face.  This  acts  as  a  buffer  for  the  next  blast  and  pre- 
vents the  rock  from  being  hurled  into  the  excavation  where  it  may 
bury  tracks,  damage  equipment,  and  increase  the  cost  of  loading. 
Also,  the  buffer  tends  to  confine  the  energy  of  the  explosion  and 
promote  shattering.  In  several  Illinois  quarries  buffer  blasts  thor- 
oughly shatter  the  rock  with  so  little  displacement  that  the  casual 
observer  would  not  realize  that  a  blast  had  been  discharged.  Some, 
quarrymen  claim  that  blanket  blasting  is  more  successful  with  a  good 
floor  seam  than  where  no  seam  exists.  The  method  is  highly  recom- 
mended for  quarries  with  low  faces,  but  can  not  be  employed  with  a 
high  face,  for  the  shattered  rock  falls  to  the  floor  and  leaves  the 
upper  part  of  the  face  exposed.  In  loading  holes  for  a  buffer  blast, 
the  charge  should  not  extend  to  the  upper  part  of  the  drill  hole, 
because  the  buffer  tends  to  direct  the  shock  of  the  explosion  back 
into  the  solid  ledge,  and  "  breakbacks "  may  complicate  the  drilling 
of  the  next  line  of  holes. 

ABRANGEMENT  OF  CHARGES  IN  DRILL  HOLES. 
THE  CONTINTTOUS  CHABGE. 

A  continuous  charge  of  one  type  of  explosive  that  fills  the  hole 
except  for  the  space  at  the  top  required  for  stemming  is  the  simplest 
arrangement  possible.  Such  a  charge  may  be  used  where  the  rock 
is  uniformly  hard,  the  face  vertical,  and  the  toe  well  cleaned.  The 
burden,  spacing,  and  diameter  of  drill  holes  should  be  adjusted  to 
conform  with  the  quantity  of  explosive  as  governed  by  the  rock 
tonnage  effectively  moved  per  pound  of  i»xplosive.  The  explosive 
used  may  be  40  per  cent  strength  dynamite  or  of  higher  grade.  In 
no  quarry  observed  was  a  grade  lower  than  40  per  cent  strength  used 
for  a  continuous  charge.  The  use  of  "  40, per  cent "  dynamite  is  com- 
mon, but  "  60  per  cent "  dynamite  is  used  in  a  number  of  quarries. 
It  is  claimed  that  the  more  effective  shattering  obtained  with  the 
stronger  explosive  more  than  justifies  the  higher  cost.  However, 
opinions  differ  regarding  the  success  of  using  the  higher  explosive. 
Some  quarrymen  claim  that  "  60  per  cent "  dynamite  pulverizes  the 
rock  adjacent  to  the  drill  holes  but  does  not  shatter  the  rest  of  the 
burden  more  than  "  40  per  cent "  dynamite.    The  action  of  the  explo- 
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sive  is  probably  controlled  to  some  extent  by  the  physical  properties 
of  the  rock.  In  this,  as  in  many  other  matters,  definite  rules  can  not 
be  given.  The  quarryman  must  be  guided  to  some  extent  by  the 
characteristics  of  the  rock,  and  the  best  methods  can  in  most  places  be 
determined  only  by  experience. 

In  general,  the  higher  explosive  breaks  the  rock  into  smaller  frag- 
ments than  that  of  lower  grade.  It  must  be  remembered,  however, 
that  the  results  obtained  depend  on  spacing  of  holes  and  size  of 
charge,  as  well  as  on  grade  of  explosive  used.  If  the  rock  is  ex- 
tremely unsound — ^that  is,  intersected  by  numerous  seams — a  low- 
grade  explosive  will  probably  give  the  best  results. 

USE  OF  DIFFERENT  GBADES  .OF  EXPLOSIVE  IN   THE  SAME  DRILL  HOLE. 

V  The  continuous  charge  is  not  always  made  up  entirely  of  one  type 
of  explosive.  In  many  quarries  the  burden  is  heavier  near  the  quarry 
floor,  consequently  a  greater  volume  of  explosive,  or  a  more  power- 
ful explosive,  must  be  used  at  the  bottom.  If  the  hole  is  not  sprung 
and  the  charge  is  continuous,  the  charge  can  not  be  concentrated  in 
the  bottom  of  the  hole  except  by  using  a  higher  grade  of  explosive 
at  that  point.  Under  such  conditions,  "60  per  cent"  dynamite  is 
commonly  used  in  the  bottom  of  the  hole,  and  "  40  per  cent "  dynamite 
for  the  rest  of  the  charge.  Occasionally  as  high  a  grade  as  "  75  per 
cent "  gelatin  dynamite  is  used  in  the  bottoms  of  drill  holes  ^here 
the  lower  beds  are  exceptionally  hard. 

Failure  to  employ  sufficient  explosive  near  the  base  of  the  quarry 
wall  may  later  cause  much  delay  and  additional  expense.  An  in- 
stance was  observed  where  an  unbroken  bench  about  8  feet  in  height 
was  left  at  the  quarry  wall.  This  bench  had  to  be  cleaned,  redrilled, 
and  blasted  before  the  cut  could  be  completed. 

The  upper  part  of  a  shale  or  limestone  deposit,  especially  in  flat- 
lying  rock,  is  usually  thin  bedded  or  jointed  and  is  easier  to  break 
than  the  lower  part.  Consequently,  a  low-grade  explosive,  com- 
monly of  30  per  cent  strength,  is  used  for  the  upper  part  of  the 
charge  in  such  deposits. 

In  some  quarries  an  effective  means  of  breaking  the  rock  is  to 
throw  out  the  base  with  a  heavy  charge  and  allow  the  upper  part  to 
fall,  the  impact  of  the  fall  assisting  greatly  in  shattering  the  mass. 
Where  this  method  is  employed  a  high-grade  explosive  is  usually 
placed  in  the  bottom  of  the  hole  and  a  small  amount  of  low-grade 
explosive  in  the  upper  part. 

For  rock  having  "  slab  cleavage,"  that  is,  rock  in  which  the  length 
and  width  of  the  average  block  is  much  greater  than  its  thickness,  this 
method  is  to  be  avoided.  If  the  base  is  thrown  outward  and  the 
upper  beds  fall  almost  vertically,  the  attitude  of  the  fragments  will 
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be  similar  to  that  illustrated  in  ^,  figure  7.  The  slab-like  masses 
may  be  so  bound  in  that  great  difficulty  will  be  encountered  in  loading 
them.  Not  only  is  loading  rendered  difficulty  but  the  loading  tends  to 
undermine  the  pile  of  blocks,  involving  great  danger  from  slides. 
This  danger  is  especially  pronounced  in  the  wintertime.  However,  if 
the  charge  is  so  adjusted  that  the  upper  beds  are  thrown  farthest 
from  the  face  and  the  lower  beds  successively  to  lesser  distances,  the 
rock  fragments  are  not  bound  in,  but  lie  in  the  most  favorable  posi- 
tion for  loading,  as  shown 
in  B,  figure  7. 

The  use  of  different  grades 
of  explosive  in  the  same 
drill  hole  is  opposed  by 
some  quarrymen  on  the 
gromid  of  lack  of  effective- 
ness. It  is  claimed  that  be- 
cause  the    different   grades  

of  explosive  bave  different 
rates  of  detonation  the  shot 
is  not  exactly  simultaneous, 
the  higher  grade  detonating 
an  appreciable  interval 
ahead  of  the  lower  grade, 
and  that  this  lack  of  coordi- 
nation between  the  different 
parts  of  the  shot  weakens 

the  force  of  the  explosion.  ^  

This  objection  is  probably 

not  valid,  for  the  detonation 

of  each  grade  starts  at  the 

same  moment,  and  as  each 

grade  is  exerting  its  force 

on  a  different  part  of  the  rock  mass  it  is  probable  that  the  time 

interval  is  too  small  to  affect  the  result  materially. 

THK  BBOKEN  CHABOE. 

To  obtain  a  successful  blast,  proper  distribution  of  the  charge  in 
the  drill  hole  is  essential.  To  accomplish  the  desired  distribution, 
the  charge  may  have  to  be  divided  into  two  or  more  parts  with  in- 
termediate stemming.  Adjacent  holes  may  be  so  loaded  that  ex- 
plosive in  one  hole  is  at  the  same  level  as  stemming  in  the  next. 
The  point  should  be  emphasized,  however,  that  where  the  rock  is  of 
uniform  hardness,  the  same  distribution  may  be  attained  by  reducing 
the  size  of  the  drill  hole  and  employing  a  continuous  charge.  The 
continuous  charge  should  be  used  wherever  possible. 


RUBE  7. — EUFects  of  dllTereDt  methods  of  placing 
charge  Id  rock  having  "slab  cleavage":  A, 
Manaer  in  vblch  the  slabs  are  bound  in  by  blast 
that  throva  base  farther  thao  upper  part ;  B, 
favorable  position  of  rock  from  blast  that  throws 
upper  part  farther  than  lower  part. 
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In  ledges  where  the  successive  beds  of  rock  vary  in  soundness  or 
hardness  and  therefore  break  with  varying  degrees  of  difficulty, 
proper  distribution  of  the  charge  is  best  attained  by  the  use  of  in- 
termediate stemming.  Where  the  rock  varies  widely  in  hardness,  it 
is  customary  to  put  explosive  in  those  parts  of  the  holes  that  intersect 
the  hard  bpds  and  stemming  in  the  parts  that  intersect  the  softer 
beds.  Where  shale  is  interbedded  with  limestone,  as  a  rule  no  ex- 
^  plosive  is  used  in  that  part 

""  of  the  drill  hole  that  in- 

tersects the  shale,  because 
it  is  a  soft  rock  and  is 
easily  broken.  Explosive 
is  therefore  placed  in  the 
limestone  and  stemming 
in  the  shale. 

The  separation  of  a 
charge  into  five  or  six 
parts,  with  intermediate 


^     O 
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FiouBB  8. — Arrangement  of  driU  holes  In  an  Iowa 
quarry '  o«  Face ;  5^  chum-drill  holes ; .  c,  supple- 
mentary tripod-drill  holes. 


stemming,  has  been  noted.  If  electric  detonators  are  employed  to 
fire  the  charge,  a  number  of  detonators  are  required  for  a  charge 
of  this  type. 

EXAMPLE  OF  A  BBOKEN  CHABQE. 

In  one  limestone  quarry  in  Iowa  the  lower  beds  are  hard  and  fairly 
sound;  the  middle  beds  have  numerous  closed  seams  that  cause  the 
rock  to  break  readily ;  and  near  the  surface  is  a  bed  2  to  6  feet  thick 
of    extremely    hard    blue 
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limestone.  Two  rows  of 
holes  5^  inches  in  diameter 
are  made  with  a  chum 
drill,  the  holes  being  stag- 
gered, placed  10  feet  apart, 
and  having  10  feet  of 
burden.  The  chum  -  drill 
holes  are  supplemented  by 
tripod-drill  holes  that  are   ^'°^  *-^51?*v  ^i"^''".  "*'  explosives  in  the  chum- 

1   •Vi    1    •    X      ji       1        1    t  1  d>^  \iXi\t&  shown  In  figure  8. 

drilled  mto  the  hard  blue 

limestone,  but  no  deeper.  It  is  stated  that  if  such  supplementary 
charges  were  not  provided,  the  blue  limestone  would  break  into 
masses  30  to  40  feet  in  length  and  weighing  many  tons.  The  arrange- 
ment of  the  holes  is  shown  in  figure  8.  The  distribution  of  the 
charge  in  the  chum-drill  holes  is  illustrated  in  figure  9.  Enough 
"  40  per  cent "  dynamite  is  placed  in  the  hole  to  reach  to  the  top  of 
the  sound  bed.  This  requires  about  60  pounds  and,  to  insure  against 
misfire,  two  electric  detonators  are  placed  in  this  charge.  The  middle 
part  of  the  hole  is  then  filled  with  stemming  up  to  the  hard  blue 
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bed.  In  the  part  penetrating  this  bed  a  second  charge,  consisting  of 
10  to  15  pounds  of  "  40  per  cent "  dynamite,  is  placed.  One  electric 
detonator  is  used  in  this  charge.  The  rest  of  the  hole  is  tamped 
with  clay  stemming.  This  method  is  successful,  especially  since  the 
introduction  of  the  supplementary  tripod-drill  holes. 

CHARGING    HOLES    WITH    UNEQUAL    BUKDEN. 

Rarely,  if  ever,  are  all  the  holes  for  one  shot  charged  with  the  same 
amount  of  explosive,  the  charge  being  varied  to  suit  conditions. 
A  comer  hole,  for  example,  must  be  loaded  heavier  than  the  others 
to  clean  out  the  comer  efficiently,  or,  as  a  quarryman  would  say,  to 
"pull  the  corner."  The  amount  of  charge  is  also  influenced  by 
inequalities  of  the  surface.  A  heavy  toe  or  projections  on  the  face 
require  heavy  charges  in  the  holes  immediately  behind  them.  If 
on  account  of  the  presence  of  loose  rock  a  hollow  place  in  the  face 
was  not  observed  in  time  to  modify  the  spacing  of  drill  holes,  the 
charge  must  be  modified.  The  holes  immediately  behind  the  hollow 
place  should  be  loaded  lighter  than  the  average,  and  those  on  either 
side  a  little  heavier. 

EFFECT    OF    WATER    IN    DRILL    HOLES. 

As  drill  holes  are  usually  completed  a  considerable  time  before 
loading,  they  are  as  a  general  rule  partly  filled  with  accumulated 
water.  In  some  places  the  explosive  is  loaded  into  the  holes  with- 
out removing  the  water.  If  a  type  of  explosive  designed  for  sub- 
marine blasting  is  employed,  this  procedure  may  be  permissible. 
Usually  the  use  of  other  types  of  explosives  is  desirable,  hence  re- 
mx)val  of  the  water  is  advisable.  An  objection  to  the  presence  of 
water,  aside  from  the  possible  injurious  effect  on  the  explosive,  is 
the  resulting  decrease  in  the  efficiency  of  the  explosion.  It  is  a  well- 
known  law  of  physics  that  when  the  temperature  of  a  gas  in  a  sealed 
vessel  is  increased,  the  tendency  of  the  gas  to  expand  causes  a  cor- 
responding increase  in  the  pressure  on  the  walls  of  the  vessel.  There- 
fore, the  force  of  an  explosion  is  due  in  large  measure  to  the  high 
temperature  of  the  gases  evolved.  Water  in  the  drill  hole  keeps 
down  the  temperature  of  the  ga^es  and  reduces  th^ir  pressure,  and 
therefore  detracts  from  the  efficiency  of  the  blast. 

REMOVAL  OF  WATER  FROM  DRILL  HOLES. 

All  quarrymen  are  familiar  with  apparatus  for  the  removal  of 
water  from  drill  holes.  A  portable  hoist  operated  by  a  gieisoline  en- 
gine or  by  electricity  is  convenient  for  bailing  out  deep  hole&  With 
the  ordinary  apparatus  employed  all  the  water  can  not  be  removed, 
but  the  small  amount  left  in  the  bottom  of  the  hole  usually  occasions 
no  disadvantage. 
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LOADING  DRnii  HOLES. 

It  is  an  established  fact  that  the  explosive  should  completely  fill 
that  part  of  the  drill  hole  that  it  occupies.  Even  a  small  air  space 
around  the  charge  greatly  weakens  the  force  of  the  explosion.  A 
common  practice  is  to  cut  the  cartridge  and  pour  the  loose  dynamite 
into  the  holes  through  a  large  funnel.  This  is  somewhat  dangerous, 
as  loose  dynamite  may  be  scattered  around  the  holes  and  cause  a 
premature  explosion.  Steps  are  being  taken  in  one  State  to  make 
loading  of  loose  dynamite  illegal.  However,  in  loading  irregular 
holes  in  unsound  rock  the  loose  charge  is  preferred  by  some  operators. 
When  cartridges  are  used  they  should  be  large  enough  to  fit  the  drill 
hole  without  danger  of  jamming,  and  may  be  slit  in  such  a  manner 
that  they  may  be  easily  expanded  to  fill  the  hole  when  pressed  with  a 
wooden  tamping  rod.  The  cartridges  that  contain  the  detonators 
should  not  be  tamped. 

STEMMING  AND  TAMPING. 

It  is  assumed  by  some  quarrymen  that  explosives  like  40  per 
cent  "straight"  nitroglycerin  dynamite  or  of  higher  grade  act  so 
quickly  that  no  stemming  is  necessary.  Experiments  conducted  by 
the  Bureau  of  Mines*  have  shown  conclusively,  however,  that  the 
efficiency  of  40  per  cent  "  straight "  nitroglycerin  dynamite  is  greatly 
increased  by  the  use  of  stemming. 

Clay  is  the  most  common  stemming  employed,  although  sand  or 
rock  dust  is  sometimes  used.  Experiments  conducted  by  the  Bureau 
of  Mines  *  show  that  tamped  moist  fire  clay  gave  the  best  results  with 
40  per  cent "  straight "  nitroglycerin  dynamite  in  four  out  of  six  tests 
with  varying  amounts  of  stemming,  while  tamped  moist  sand  stood 
second.    In  the  other  two  tests  this  order  was  reversed. 

Green  well  and  Elsden  ^  claim  that  untamped  dry  sand  is  the  best 
stemming.    The  advantages  of  sand  stemming  are  thus  enumerated : 

1.  The  time  taken  in  loading  is  reduced  to  about  one-fourth. 

2.  The  effect  of  the  shot  is  at  least  as  good  as  with  clay  stemming. 

3.  It  has  been  found  that  with  sand  stemming  rock  fragments  are 
not  thrown  as  far  as  with  clay  stemming. 

4.  Misfires  are  not  as  common  as  with  clay  stemming,  as  no  tamp- 
ing rod  is  used  and  therefore  no  injury  to  the  fuse  or  wires  can  arise. 

5.  If  a  misfire  should  occur,  the  stemming  may  be  readily  removed 
with  a  wooden  implement  without  danger. 

6.  Premature  explosions  during  tamping  are  impossible  when  sand 
is  used. 

•  See  SQelling,  W.  O.,  and  Hall,  Clarence,  The  effect  of  stemming  on  the  efficiency  of 
exploslyes :  Tech.  Paper  17,  Bureau  of  Mines,  1912,  20  pp. 

*Snelling,  W.  O.,  and  Hall,  Clarence,  work  cited,  p.  10. 

*  Greenwell,  Allan,  and  Elsden,  J.  V.,  Practical  stone  quarrying,  1918,  p.  287-288. 
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7.  Sand  is  usually  easily  obtained. 

8.  Sand  is  more  convenient  than  clay  for  making  shots  in  open 
joints. 

9.  Dry  sand  does  not  freeze  like  clay. 

It  is  also  stated  that  the  quarry-industry  association  of  Germany 
investigated  the  use  of  sand  stemming,  and  after  numerous  experi- 
ments the  above  conclusions  were  confirmed. 

A  number  of  the  advantages  enumerated  are  obvious,  but  some  of 
the  claims  may  be  questioned.  For  example,  the  statement  that 
sand  is  as  effective  as  clay  is  not  borne  out  by  the  Bureau  of  Mines 
tests.  According  to  the  tests  made  by  Snelling  and  Hall,  previously 
referred  to,  untamped  dry  sand  was  much  less  effective  than  either 
tamped  moist  sand  or  tamped  moist  fire  clay,  particularly  where  the 
larger  amounts  of  stemming  were  employed.  However,  in  the  tests 
made  by  Snelling  and  Hall  a  perfectly  smooth  bore  hole  in  metal  was 
employed.  A  drill  hole  in  rock  is  less  smooth  and  regular,  and 
consequently  in  actual  practice  different  results  may  follow. 

The  claim  that  with  sand  stemming  rock  fragments  are  not  thrown 
as  far  as  when  clay  stemming  is  used  is  doubtful. 

Sand  stemming  has  without  doubt  many  advantages  in  its  favor 
and  its  use  is  recommended. 

For  blasting  in  churn-drill  holes  35  to  90  feet  deep,  the  depth  of 
stemming  used  varies  from  10  to  25  feet.  In  one  cement-rock  quarry 
in  Pennsylvania  where  SO  per  cent  nitrostarch  blasting  powder  is  used, 
an  average  of  22  feet  of  clay  stemming  is  employed  in  holes  averaging 
85  feet  deep. 

METHODS  OF  TAMPING. . 

For  holes  of  moderate  depth,  tamping  may  be  done  with  a  light 
wooden  pole.    A  metal  tamping  bar  should  never  be  used. 

Attachment  of  a  tamping  block  to  a  drill  bar  and  tamping  with  a 
drill  is  extremely  dangerous  and  should  never  be  permitted.  On  Jan- 
uary 10, 1907,  a  premature  explosion  occurred  at  the  site  of  the  Pedro 
Miguel  Locks  on  the  Isthmus  of  Panama.  Ten  men  were  killed.  As 
a  result  of  an  investigation  by  the  Isthmian  Canal  Commission  it 
was  decided  that  this  and  other  premature  explosions  had  been  caused 
by  the  use  of  tripod  rammers,  and  their  further  use  was  prohibited. 

For  deep  holes  a  tamping  block  3  or  4  feet  long  may  be  attached 
to  a  rope.  A  convenient  device  in  tamping  deep  holes  is  a  light  tripod 
with  a  pulley  at  the  apex  over  which  the  rope  attached  to  the  tamp- 
ing block  may  be  operated.  The  use  of  a  tripod  not  only  makes 
tamping  easier,  but  also  permits  the  men  to  work  at  one  side  and  not 
directly  over  the  loaded  hole.  This  lessens  the  danger  of  accident 
in  case  of  premature  explosion. 
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GENERAL  PRINCIPIiES  FOR  THE  SHOT  FIRER's  GUIDANCK. 

As  a  rule,  a  high  explosive  shatters  rock  more  effectually  than  a  low 
explosive ;  consequently,  in  quarries  where  many  large  solid  blocks  are 
thrown  down  by  the  primary  shot,  the  substitution  of  a  higher  grade 
explosive  may  give  more  satisfactory  results.  However,  the  use  of 
high-grade  explosives  is  not  recommended,  as  they  are  expensive 
and  more  dangerous  to  handle.  The  use  of  a  detonating  fuse  in- 
creases the  effectiveness  of  low-grade  explosives  and  thus  permits 
their  use  where  otherwise  a  high-grade  explosive  is  required.  A 
variation  in  the  arrangement  of  drill  holes  may  bring  about  the  same 
result  as  changing  the  type  of  explosive,  for  it  has  been  found  that, 
within  certain  limits,  a  reduction  in  the  burden  and  spacing  of  drill 
holes  causes  more  thorough  shattering  of  the  rock  mass. 

Drill  holes  should  be  of  the  minimum  diameter  required  to  contain 
the  necessary  explosive.  Intermediate  stemming  is  advisable  in  cer- 
tain deposits  where  enlargements  occur  in  the  drill  holes,  where  the 
beds  are  variable  in  soundness,  or  where  for  any  other  reason  an  ad- 
justment of  the  powder  column  seems  to  be  justified.  However,  if 
the  successive  beds  are  fairly  uniform,  equally  efficient  results  may 
be  attained  by  reducing  the  diameter  of  the  drill  holes  and  using  a 
continuous  charge.  By  this  means  the  charge  is  distributed  through- 
out a  greater  length  of  hole  and  the  inconvenience  of  employing 
intermediate  stemming  is  avoided. 

Water  should  be  removed  from  drill  holes  before  loading. 

If  there  is  a  heavy  toe  or  a  poor  floor  seam  it  is  better  to  place  in 
the  bottoms  of  the  drill  holes  explosive  of  higher  grade  than  the  main 
charge. 

DETONATING  THE  CHARGE. 
METHODS  OF  FDUNO  CHABOSS. 

In  order  to  obtain  the  most  effective  results,  a  number  of  holes 
should  be  fired  simultaneously.  As  it  is  physically  impossible  to  fire 
charges  simultaneously  with  ordinary  fuses,  electric  detonators  and 
an  electric  current  are  required.  One  method  of  firing  charges  is  to 
place  one  or  more  electric  detonators  in  the  dynamite  of  each  hole, 
connect  them  all  with  wires,  and  fire  with  an  electric  current.  An- 
other method  is  to  use  a  detonating  fuse  in  each  hole  and  to  fire  this 
fuse  at  the  surface.  The  fuse  itself  detonates  at  a  very  high  rate  and 
fires  all  the  charges. 

ELECTRIC  DETONATORS. 

An  electric  detonator,  also  called  an  electric  exploder,  is  a  blasting 
cap  containing  a  high  explosive,  such  as  mercury  fulminate,  which  is 
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ignited  by  means  of  a  wire  through  which  the  current  of  electricity 
passes.  This  wire  is  of  small  diameter  and  has  such  a  high  resistance 
that  it  is  heated  to  incandescence^  or  fused,  and  thereby  fires  the 
priming.  Electric  detonators  are  made  in  various  sizes.  For  ordi- 
nary blasts  in  quarries,  No.  6  detonators  are  in  common  use.  How- 
ever, it  has  been  proved  in  many  quarries  that  the  efficiency  of  a 
blast  largely  depends  on  the  intensity  of  the  initial  explosion,  and  for 
this  reason  the  use  of  No.  8  detonators  is  recommended.  A  more 
complete  discussion  of  electric  detonators  is  given  by  Hall  and 
Howell.* 

NTJMBEB  OT  DETONATOBS  FOB  EACH  CHABGE. 

For  small  blasts  in  tripod  or  hanuner  drill  holes  one  detonator  is 
commonly  used  for  each  hole.  While  this  is  probably  sufficient  to 
fire  the  charge  effectively,  the  danger  of  misfires  is  greatly  reduced 
by  using  two  detonators  and  wiring  them  in  parallel  for  live-wire 
current  and  in  series  if  a  battery  is  used. 

For  large  blasts  in  churn-drill  holes  two  or  more  detonators  are 
commonly  used.  In  one  Pennsylvania  quarry,  where  90-foot  holes 
5  inches  in  diameter  are  loaded  with  continuous  charges  of  40  per 
cent  "straight"  nitroglycerin  dynamite,  three  No.  6  detonators  are 
used  in  each  hole,  one  near  the  bottom,  one  at  the  middle,  and  one 
near  the  top.  They  are  wired  in  parallel  and  fired  with  the  quarry 
current. 

When  broken  charges  with  intermediate  stemming  are  employed, 
each  part  of  the  charge  should  have  at  least  one  detonator,  and  to  in- 
sure against  misfires  two  detonators  are  preferable. 

In  one  quarry  in  the  South  it  is  customary  to  place  several  un- 
attached No.  6  detonators  in  the  charge  to  act  as  "  boosters  "  for  the 
purpose  of  increasing  the  rate  of  detonation  and  thereby  increasing 
the  effectiveness  of  the  shot.  This  practice  is  very  dangerous,  for  a 
loose  cap  may  lodge  in  a  cavity  or  on  a  ledge  on  the  drill-hole  wall 
and  may  later  be  fired  with  the  tamping  rod,  causing  a  premature 
explosion. 

The  results  of  tests  made  at  the  Pittsburgh  station  of  the  Bu- 
reau of  Mines  to  determine  the  efficiency  of  such  a  method, 
described  in  Bulletin  59,*  indicate  that  "  extra  detonators  placed  at  5 
inches  apart  in  a  cartridge  file  of  an  insensitive  explosive  40  inches 
long  have  a  slight  tendency  to  increase  the  propagation  of  the  ex- 
plosion wave,  but  that  extra  detonators  placed  10  inches  apart  offer 
no  advantages."  It  is  pointed  out  that  the  explosion  of  the  dyna- 
mite surrounding  the  unattached  detonators  may  precede  the  explo- 

•  Hall,  Clarence,  and  Howell,  S.  P.,  Investijiations  of  detonators  and  electric  detonators : 
Bull.  59,  Bureau  of  Mines,  1913,  73  pp. 

*  See  Hallr  Clarence,  and  Howell,  S.  P.,  work  cited,  pp.  68-69. 
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sion  of  the  detonator  and  that  the  latter  would,  under  such 
circumstances,  explode  in  the  products  of  combustion  and  therefore 
offer  little  if  any  advantage  in  extending  or  increasing  the  rate  of 
the  explosion  wave.  Hence,  the  distribution  of  unattached  deto- 
nators throughout  the  charge  probably  offers  little  if  any  advantage. 

However,  the  presence  of  several  electric  detonators  distributed 
throughout  the  charge  and  connected  by  wires  offers  a  decided  ad- 
vantage. The  detonators  are  all  fired  simultaneously  and  tend  to 
make  the  detonation  of  all  parts  of  the  charge  practically  simulta- 
neous, thus  producmg  the  maximum  shattering  effect. 

The  best  type  of  "  booster  "  is  a  brass  tube  4  to  6  inches  in  length, 
containing  trinitrotoluene  detonating  fuse  with  an  electric  detonator 
attached.  It  increases  the  rate  of  detonation  and  insures  more  com- 
plete detonation  of  a  low-grade  explosive.  The  advantage  of  using 
^  ^   "  boosters  "  with  40  per  cent  or  60  per 

cent  "straight"  nitroglycerin  dyna- 
mite may  be  questioned. 


METHODS   OF   WUUNO. 


Two  methods  of  wiring  a  number  of 
shots  to  be  fired  at  one  time  are  in 
common  use — ^wiring  in  "  series  "  and 
wiring  in  "parallel."  The  methods 
are  fully  described  in  Technical  Paper 
111.®  A  third  method,  which  is  some- 
times employed  when  many  holes  are 
fired  at  one  time,  is  a  combination  of 
the  above  methods,  and  may  be  termed 
a  "multiple  series"  or  "parallel  series" 
PiouRB  10.— wiring  In  parallel  series :  connection.    When  shots  are  fired  in 

a.  Trunk  lines ;  h,  parallel  series.  ^,   ^  .       « 

parallel  a  current  of  one  ampere  per 
detonator  is  recommended;  therefore  the  use  of  a  multiple  con- 
nection for  wiring  a  large  number  of  holes  would  require  a  greater 
amperage  than  is  usually  available,  and  also  would  increase  the  diffi- 
culty of  supplying  suitable  wiring.  Connecting  a  large  number  of 
holes  in  series  would  require  a  high  voltage  and  would  involve  the 
danger  of  a  misfire  in  the  event  that  insufficient  voltage  were  avail- 
able. Therefore,  a  method  recommended  is  to  connect  small  groups 
of  holes  in  series  and  to  connect  these  series  in  parallel,  as  shown  in 
figure  10.  When  holes  are  connected  in  this  manner  it  is  important 
that  each  subseries  should  have  the  same  resistance. 


•Bowlos,  Oliver,  Safety  In  stone  quarrylnic:  Toch.  Paper  111,  Bureau  of  Mines,  1915, 
pp.   21-22. 
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THE   USE   OF   POWEBFUL   DETONATOBS    RECOMMENDED. 

A  point  that  requires  special  emphasis  among  quarrymen  is  the 
advisability  of  using  strong  detonators.  As  stated  by  Rutledge,® 
"when  high  explosives  are  detonated  the  stronger  and  quicker  the 
action  of  the  detonator  the  greater  will  be  the  shock  given  the  explo- 
sive, and  the  more  effective  will  be  the  explosive."  A  weak  detonator 
may  fire  the  charge,  but  may  cause  a  very  ineiBcient  explosion,  par- 
ticularly when  the  more  insensitive  explosives  are  employed.  The  use 
of  weak  detonators  simply  because  they  are  cheaper  than  strong  ones 
is  not  wise.  An  imperfect  detonation  will  probably  result  in  a  loss 
amounting  to  many  times  the  price  of  all  the  detonators  employed. 
No  detonators  weaker  than  No.  6  should  be  used  with  high  explosives, 
and  with  the  more  insensitive  explosives,  such  as  gelatin  or  ammonia 
dynamite,  or  nitrostarch  blasting  powder,  No.  8  detonators  should  be 
used.  One  blasting  engineer  advises  the  use  of  No.  8  detonators  for 
all  shots. 

NUMBER  AND  ARRANGEMENT  OF  DETONATORS  IN  CHARGE. 

Manufacturers  of  electric  detonators  claim  that  the  priming  exerts 
its  greatest  force  in  the  direction  of  the  loaded  end.  Consequently, 
the  detonator  shell  should  be  so  placed  in  the  charge  that  its  loaded 
end  is  toward  the  greater  mass  of  explosive  to  be  detonated.  In  any 
event  the  long  axis  of  the  shell  should  parallel  the  drill  hole,  and 
it  should  be  entirely  embedded  in  the  explosive. 

As  a  safety  precaution,  not  less  than  two  detonators  should  be 
placed  in  each  charge.  If  a  broken  charge  is  employed,  each  separate 
part  of  the  charge  should  have  at  least  two  detonators.  Where  heavy 
charges  are  fired  in  churn-drill  holes,  four  or  five  detonators  are  com- 
monly used  in  each  hole,  being  distributed  regularly  throughout  its 
length.  Enough  detonators  should  be  used  to  insure  sudden  and  com- 
plete detonation  of  the  charge.  Detonators  cost  only  a  few  cents 
each,  and  the  use  of  too  few  or  too  weak  detonators  may  mean  the 
loss  of  many  dollars,  and  cause  an  accident  if  part  of  the  charge  is 
unexploded. 

Each  electric  detonator  should  be  tested  with  a  reliable  gal- 
vanometer. If  any  detonator  shows  abnormally  high  resistance,  it 
should  not  be  used  when  firing  with  a  battery  or  where  connected  in 
series.  The  entire  circuit  should  be  tested  in  the  same  way  when  all 
connections  are  made  except  to  the  blasting  machine  or  power  circuit. 
In  testing  a  circuit  of  holes  with  a  galvanometer  the  instrument 
should  have  long  lead  wires  and  should  always  be  placed  at  a  safe 
distance.    Ordinarily  the  current  used  in  a  galvanometer  is  much  too 


«  Rntledge,  J.  J.,  The  use  and  mlsuso  of  exploslvos  In  coal  mining :  Miners*  Circalar  7, 
Bureau  of  Mines,  1914,  p.  12. 
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weak  to  fire  an  electric  detonator,  but  some  galvanometers  are  oper- 
ated with  a  shunt  circuit,  and  a  defect  in  wiring  or  connection  may 
throw  the  entire  current  from  a  cell  battery  through  the  shunt.  Such 
a  current  has  been  known  to  fire  an  electric  detonator.  Consequently, 
for  the  sake  of  safety,  the  lead  wires  should  be  long. 

For  parallel  connection  there  should  be  one  ampere  o4  current  for 
each  detonator,  and  for  series  or  parallel  series,  at  least  two  amperes 
for  each  series.  When  a  blasting  machine  is  used,  the  charges  should 
always  be  connected  in  series. 

The  provision  of  ample  current  is  important.  Using  a  current 
much  stronger  than  is  required  to  insure  against  misfires  has  other 
advantages.  Experiments  by  the  Bureau  of  Mines  «  have  shown  that, 
owing  to  slight  variations  in  electric  detonators,  those  employed  in  a 
multiple  shot  do  not  all  detonate  at  exactly  the  same  moment ;  also, 
that  when  a  weak  current  is  used  the  time  intervals  between  the  deto- 
nations are  longer  than  when  a  strong  current  is  employed.  There- 
fore, with  a  strong  current  the  discharge  of  the  various  detonators 
is  more  nearly  simultaneous,  and  consequently  the  blast  is  more 
effective. 

DETONATING  FUSE. 
NATUBE  OF  FUSE. 

The  type  of  detonating  fuse  known  to  the  trade  as  "  cordeau  "  is  now 
in  common  use.  It  consists  of  a  lead  tube  filled  with  trinitrotoluene 
and  carefully  drawn  to  uniform  size.  The  diameter  of  the  fuse  com- 
monly used  is  6  mm.,  or  ^  inch.  Also,  5.5  mm.  size  is  used.  Cor- 
deau has  been  known  for  a  number  of  years  in  France  and  England, 
but  until  recently  it  has  been  used  in  the  United  States  only  as  a 
means  of  measuring  the  rate  of  detonation  of  high  explosives.^  Dur- 
ing the  last  three  or  four  years,  however,  cordeau  has  been  used  rather 
extensively  in  mining,  quarrying,  or  other  blasting  work  where  large 
multiple  shots  are  employed.  It  has  been  found  especially  advan- 
tageous in  quarries  where  great  masses  of  rock  are  thrown  down  with 
large  charges  of  explosives  in  churn-drill  holes. 

METHOD   OF   USING   DETONATING   FUSE. 

After  the  drill  holes  have  been  cleaned,  and  before  loading  is  begun, 
a  piece  of  detonating  fuse  is  inserted  into  each  hole.  The  fuse  ex- 
tends the  full  depth  of  the  hole  and  6  to  10  inches  above  the  surface. 
After  the  holes  are  loaded  and  tamped,  a  main  line  of  fuse  is  placed 
On  the  surface  and  attached  to  the  branches  from  each  hole.  A 
detonator  is  attached  to  the  end  of  the  main  line,  and  is  fired  either 

'  Hall,  Clarence,  and  Howell,  S.  P.,  Investigations  of  detonators  and  electric  detonators : 
Bull.  50,  1913,  p.  71. 

*  See  Hall,  Clarence,  and  Howell,  S.  P.,  work  cited,  pp.  06-68. 
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by  fuse  or  by  electric  current,  thus  firing  the  detonating  fuse.  The 
detonation  wave  flashes  along  the  main  line  and  into  each  drill  hole. 
As  the  rate  of  detonation  of  the  trinitrotoluene  is  very  high,  all  the 
charges  are  fired  practically  at  the  same  moment.  The  method  of 
placing  the  fuse  is  shown  in  figure  11. 


EFFICnSNCY  IN  THE  USB  OF  DETONATTNO  FUSE. 

it  is  claimed  by  Hall"  that  the  use  of  detonating  fuse  is  not  as 
advantageous  in  the  United  States  as  in  Europe,  owing  to  the  fact 
that  the  explosives  used  in  the  United  States  are  more  sensitive  to 
detonation  than  those  used  in  European  quarries  and  mines.  Ex- 
plosives of  the  ammonia  nitrate  class  used  in  the  European  countries 
are  insensitive,  and  when  detonators  are  used  incomplete  detonation 
may  occur,  whereas  with  cordeau  detonation  is  more  sudden  and  com- 
plete.   In  the  United  States,  where  nitroglycerin  dynamites  are  com- 
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FiGUBB  11. — ^Arrangement  of  detonating  fuse  In  a  circuit  of  holes:  a.  Wire;  h,  elec- 
tric detonator ;  c,  main  line  of  fuse ;  i,  branch  line  of  fuse ;  9,  stemming ;  i,  charge 
of  ezpIoBive  in  drill  hole. 

monly  used,  complete  detonation  may  be  easily  brought  about  with 
electric  detonators. 

Also,  the  fact  is  generally  recognized  that  for  small  shots  in  tripod  or 
hammer  drill  holes  the  use  of  cordeau  offers  little  if  any  advantage. 

However,  for  deep-hole  blasting,  even  where  dynamite  of  the  nitro- 
glycerin class  is  used,  detonating  fuse  has  a  number  of  advantages 
over  electric  detonators.  Recognition  of  this  fact  has  led  to  its  recent 
introduction  at  a  number  of  quarries  in  various  parts  of  the  United 
States.    The  different  advantages  may  be  summarized  as  follows: 

Cordeau  of  6-mm.  diameter  has  a  rate  of  detonation  upwards  of 
15,000  feet  a  second.  On  this  account  the  detonation  of  all  the  fuse 
used  for  a  blast  is  practically  instantaneous,  and  as  fuse  is  in  contact 
with  each  charge  throughout  the  entire  vertical  depth  it  fires  every 

•Hall,  Clarence,  DisciiBBlon  of  paper,  "A  new  safety  detonating  fnse,"  by  Harrison 
Bonder:  Am.  Inst  Min.  Eng.  Bull.,  AprU,  1915,  p.  895. 
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part  of  the  charge  practically  at  the  same  moment.  Not  only  is  in- 
complete detonation  impossible,  but  the  simultaneous  discharge  in- 
creases the  disruptive  effect  of  the  explosion.  In  general,  therefore, 
for  deep-hole  blasting  a  smaller  charge  with  cordeau  will  give  as  good 
results  as  a  larger  charge  with  electric  detonators. 

The  rate  of  detonation  of  the  fuse  as  compared  with  the  rates  of 
detonation  of  certain  high  explosives  is  given  in  the  following  table.* 

Table  11. — Rates  of  detonation  of  trinitrotoluene  detonating  fuse  and  of  certnin 

samples  of  high  explosives. 


Cbss  and  grade  of  explosive. 


Diameter  of 

explosives 

tested. 


Trinitrotoluene  detonating  fuse , 

Do 

Do 

60 per  cent  "straight"  nitroglycerin  dvnamite.. 
SOper  cent  "straight"  nitroglycerin  dynamite. 

60  per  cent  strength  low-freezing  dynamite 

40  per  cent  strength  gelatm  dynamite 

40  per  cent  "straight "  nitroglycerin  dynamite . 
30  per  cent  "straight"  nitroglycerin  dynamite. 

40  per  cent  strength  ammonia  dynamite 

6  per  cent  granulated  nitroglycerin  powder.... 


Inches. 


H 


U 

1 

I 

1 

1 

1 

1 

li 


MUU- 
meters. 


4 

6 


82 
32 
32 
32 
32 
32 
32 
88 


Rate  of 
detona- 
tion, 
feet  per 
second. 


13,760 
16,170 
17,000 
20,400 
18,850 
16,640 
16,210 
15,650 
14,020 
10,350 
3,340 


Aathority. 


Burean  of  ICfoes. 

Do. 
Manufacturer. 
Bureau  of  Mines. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


a  Data  for  Bureau  of  Mines  tests  are  from  Bulletin  48,  The  selection  of  explosives  used  in  engineering  and 
mining  operations,  by  Clarence  Hall  and  S.  P.  HoweU,  Bureau  of  Mines,  1914,  p.  44. 

It  may  be  noted  that  the  rate  of  detonation  of  the  fuse  is  much 
higher  than  that  of  the  40  per  cent  strength  ammonia  dynamite,  and 
about  the  same  or  a  little  lower  than  that  of  the  40  per  cent  "  straight '' 
nitroglycerin  dynamite.  One  important  advantage  of  the  detonating 
fuse  is  that  it  increases  the  rate  of  detonation  of  any  low-grade  high 
explosive,  for  example,  an  explosive  of  the  nitroglycerin  class  having 
a  low  content  of  nitroglycerin.  Howell  *  has  shown  that  the  rate  of 
detonation  of  a  low-grade  high  explosive  is  increased  to  the  rate  of 
the  detonating  fuse  extended  through  it.  The  disruptive  effect  of 
the  low-grade  explosive  is  thereby  increased,  but  is  not  increased 
proportionally ;  that  is,  the  disruptive  force  of  a  low-grade  explosive 
detonated  with  cordeau  is  not  as  great  as  that  of  a  similar  type  of 
explosive  having  a  normal  rate  of  detonation  equal  to  that  of  cordeau. 
However,  the  disruptive  force  of  the  low-grade  explosive  is  mate- 
rially increased.  Thus  it  may  be  seen  that  the  quarryman  may  sub- 
stitute low-grade  and  relatively  cheap  explosives  for  the  higher 
grades  ordinarily  used  and  still  maintain  normal  efficiency. 

« Howell,   S.   P.,  Discussion  of  paper  "A  new  safety  detonating  fuse,**   by   Harrison 
Souder :  Am.  Inst.  Mln.  Eng.  Bull.  100,  April,  1916,  p.  897. 
*  Howell,  S.  P.,  place  cited. 
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It  is  interesting  to  note,  however,  that  even  when  40  per  cent 
'*  straight "  nitroglycerin  dynamite  or  other  types  of  higher  grade 
are  used,  better  results  are  attained  by  using  cordeau  than  by  electric 
detonators. 

In  one  Indiana  quarry  the  writer  observed  the  result  of  a  blast 
where  cordeau  had  been  used  for  the  first  time  in  this  quarry.  The 
explosive  employed  was  40  per  cent  nitrostarch  blasting  powder. 
The  charge  was  approximately  as  large  as  was  commonly  used  with 
electric  detonators.  The  effect  of  the  shot  was  to  blow  out  a  deep 
trench  and  to  throw  the  rock  so  far  that  it  buried  tracks  in  the  quarry. 
Evidently  the  charge  was  too  heavy. 

The  writer  observed  a  subsequent  blast  for  which  the  charge  was 
reduced  about  25  per  cent.  For  this  blast  41  holes  19J  feet  deep 
were  drilled,  the  holes  being  arranged  in  two  rows  and  staggered. 
The  first  row  had  about  10  feet  of  burden,  and  the  holes  were  12  feet 
apart.  The  second  row  was  about  18  feet  from  the  face,  and  the 
holes  were  12  feet  apart.  An  average  of  45  pounds  of  "  40  per  cent " 
nitrostarch  blasting  powder  was  placed  in  each  hole.  For  the  blast 
referred  to  in  the  previous  paragraph,  60  pounds  was'  the  average 
charge  for  each  hole.  The  holes  were  tamped  with  clay  and  the  shot 
discharged  with  cordeau  fired  by  a  single  No.  6  detonator  connected 
with  the  quarry  current.  The  explosion  shattered  but  did  not  throw 
the  rock.  A  considerable  number  of  blocks  were  large,  requiring 
excessive  secondary  blasting.  In  the  writer's  opinion  the  size  of  the 
charge  was  reduced  too  much;  a  reduction  of  10  to  15  per  cent, 
rather  than  25  per  cent,  in  the  amount  of  explosive  employed  would 
undoubtedly  have  given  better  results.  The  necessary  reduction  in 
the  amount  of  the  charge  as  compared  with  that  employed  with 
detonators  is  an  excellent  demonstration  of  the  increased  efficiency 
that  results  from  the  use  of  detonating  fuse  with  an  insensitive 
explosive. 

In  addition  to  the  gain  in  shattering  efficiency,  it  is  claimed  that 
the  tiipe  required  for  loading  holes  is  greatly  reduced  by  the  use  of 
the  detonating  fuse. 

SAFETY  IN  USE  OF  DETONATING  FUSE. 

• 

The  detpnatingr  fuse  is  much  safer  than  detonators  in  storing  or 
handling.  Howell "  states  that  trinitrotoluene  is  much  less  sensitive 
than  either  40  per  cent  "  straight "  nitroglycerin  or  mercury  fulmi- 
nate. Trinitrotoluene  can  not  be  exploded  by  friction,  fire,  or  ordi- 
nary shock,  but  requires  the  shock  of  a  detonator.  The  fuse  is  not 
affected  by  heat  or  cold,  but  may  be  affected  by  moisture  at  an  open 
end  or  where  connections  have  been  made. 


«  Howell,  S.  p.,  work  cited,  p.  896. 
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The  increased  safety  from  the  use  of  cordeau  can  best  be  appre- 
ciated by  briefly  reviewing  the  dangers  that  beset  the  ordinary 
method  of  firing  a  charge  with  electric  detonators. 

A  detonator  is  usually  placed  at  a  point  not  far  from  the  bottom 
of  the  drill  hole.  During  all  subsequent  loading  and  tamping  this 
detonator  and  others  which  may  be  successively  placed  in  the  hole 
are  a  menace  to  life  and  limb.  Careless  handling  of  the  detonators 
or  heavy,  careless  tamping  of  the  charge  may  cause  a  premature  ex- 
plosion. In  the  event  of  a  misfire,  the  presence  of  unexploded  de- 
tonators along  with  dynamite  in  the  rock  mass  is  a  source  of  extreme 
danger,  as  a  blow  from  a  hand  sledge  or  from  the  tooth  of  a  steam- 
shovel  dipper  may  result  in  a  serious  or  fatal  accident.  Occasion- 
ally "blind"  misfires  may  occur;  that  is,  one  or  more  holes  may  not 
detonate,  and,  on  account  of  the  great  mass  of  rock  thrown  down, 
this  fact  may  be  hidden  from  the  quarryman.  If  the  men  are  una- 
ware of  this  danger  no  precautions  may  be  taken  and  the  risk  will 
be  greater  than  where  misfires  are  known  to  have  occurred.  Incom- 
plete detonation  of  a  charge  is  also  a  source  of  danger.  Unexploded 
dynamite  in  the  rock,  although  less  dangerous  when  no  detonators 
are  present,  is  a  source  of  grave  danger  where  metal  tools  are  con- 
stantly employed. 

When  detonating  fuse  is  used  the  drill  holes  contain  no  detonators, 
and  the  one  used  to  fire  the  fuse  need  not  be  brought  imtil  everything 
else  is  prepared,  the  placing  of  the  detonator  being  the  last  act  in 
preparing  a  shot.  Should  a  misfire  occur,  the  lesser  danger  of  the 
unexploded  dynamite  would  be  present,  but  the  greater  danger  of 
unexploded  detonators  would  be  removed.  However,  misfires  are 
rare  when  cordeau  is  used.  They  can  occur  only  through  serious 
defects  in  manufacture  of  the  fuse,  defective  connections,  or  sever- 
ance of  the  line  in  tamping.  If  due  care  is  exercised,  the  danger  of 
misfires  is  remote.  "Blind"  misfires  can  scarcely  occur  when  cor- 
deau is  used,  for  the  .presence  of  the  unexploded  fuse  could  readily 
be  observed. 

When  detonators  are  used  misfires  may  be  caused  by  attempting  to 
fire  so  many  holes  that  the  firing  machine  is  overloaded.  With 
cordeau  this  danger  is  eliminated,  for  with  proper  connections  an 
unlimited  number  of  charges  may  be  fired  with  one  or  two  detonators. 

Furthermore,  the  more  efficient  results  from  the  use  of  detonating 
fuse  permits  in  some  places  of  the  substitution  of  low-grade  or  insen- 
sitive explosives  for  those  of  higher  grade.  Such  substitution  de- 
creases the  danger,  for  it  is  well  known  that  low-grade  or  insensitive 
dynamite  is  much  safer  to  handle  than  high-grade  dynamites,  espe- 
cially those  of  the  "  straight "  nitroglycerin  type. 
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PRECAUTIONS  TO  BE  TAKEN   IN   USING   DETONATING  FUSE. 

In  placing  detonating  fuse  in  deep  holes  there  is  danger  of  the 
fuse  breaking  from  its  own  weight.  As  pointed  out  by  Howell,**  the 
6-millimeter  fuse  weighs  about  10  pounds  per  100  feet.  Experiment 
showed  that  a  piece  of  fuse  1  foot  long  would  not  support  a  weight 
of  34  pounds.  Hence  jerking  or  otherwise  carelessly  handling  the 
fuse  might  easily  break  it.  Such  fuse  is  now  prepared  with  a  cover- 
ing of  fabric  which  greatly  increases  its  strength.  It  is  wise,  there- 
fore, to  use  covered  fuse  for  deep  holes. 

A  second  danger  is  in  tamping.  The  stemming  employed  should 
contain  no  sharp  flakes  or  angular  fragments  of  rock  which  might, 
when  tamped,  separate  the  fuse.  Some  misfires  are  presumed  to  have 
been  caused  in  this  way.  Careless  handling  of  the  tamping  stick 
itself  might  damage  the  fuse.  The  fuse  protected  with  cotton  cover- 
ing   is    less    liable    to 


damage  in  tamping.       .-^^ 

It  is  important  that 
connections  between 
the  main  line  and  the 
branches  be  properly 
made.    The    end    that 

projects  from  the  drill    Fiqumb  12. — Proper  method  of  connecting  branch  lines 

hole     should     be     split        '^^^  ™**'*   ^^^  ®'   detonating  fuse:   a.  Branch   line; 
-  ,.  ,  .   ^  ft,  main  line. 

for  a  distance  of  sev- 
eral inches  and  the  main  line  placed  in  the  crotch  of  the  split.  The 
two  halves  are  then  twisted  about  the  main  line  in  opposite  direc- 
tions, as  shown  in  figure  12.  It  is  important  that  the  branch  lines 
should  be  split  and  not  the  main  line.  Tests  by  the  Bureau  of 
Mines  *  have  proved  that  to  detonate  cordeau  through  the  lead  cover- 
ing is  very  difficult  With  the  method  described  it  may  be  seen  that 
the  lead-covered  fuse  is  the  conductor  of  the  detonation  wave,  and 
when  it  explodes,  the  branches,  which  are  split  in  such  a  manner  as 
to  expose  the  explosive  within,  are  easily  fired.  The  union  may  be 
wound  with  tape  to  make  it  more  secure  and  to  keep  out  moisture. 
The  branch  line  should  be  conducted  away  from  the  main  line  at  right 
angles,  at  least  for  an  inch  or  two,  but  at  greater  distances  curves 
cause  no  difficulty.  After  all  joints  are  made  they  should  be  care- 
fully inspected  before  an  attempt  is  made  to  fire  the  charge. 

Another  method  of  making  connections  with  the  branch  lines  con- 
sists in  eliminating  the  main  line  of  cordeau  entirely.  A  detonator 
is  placed  on  the  end  of  the  fuse  extending  from  each  hole.    Then  the 

« Howell,  S.  p.,  work  cited,  p.  898. 

*  Hall,  Clarence,  and  Howell,  S.  P.,  Investigations  of  detonators  and  electric  detonators : 
BulL  50,  Bureau  of  Mines,  1913,  pp.  22-24. 
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detonators  are  wired  in  series  and  fired  with  an  electric  current.  By 
this  method  each  hole  is  an  independent  unit,  and  the  danger  of  mis- 
fires is  thereby  increased. 

The  method  of  attaching  a  detonator  to  the  detonating  fuse  is 
shown  in  figure  13.  If  the  detonator  is  to  be  fired  with  ordinary 
fuse  it  must  be  crimped  to  the  fuse  in  the  ordinary  manner.  Usually, 
however,  electric  detonators  are  employed.    The  use  of  a  No.  8  det- 


FiouBE  13. — Method  of  attaching  electric  detonator  to  detonating  fuse :  a.  Fuse ;  h,  wire ; 
c,  detonator ;  d,  brass  union ;  e,  crimp  in  union  ;  f,  brass  ring.    After  Souder. 

onator  is  recommended.  The  first  step  in  making  the  attachment  is  to 
cut  off  the  end  of  the  detonating  fuse  squarely.  A  brass  union,  which 
is  slit  at  one  end,  is  then  slipped  over  the  fuse,  with  the  slit  end  pro- 
jecting. The  union  is  crimped  to  the  fuse  at  the  end  opposite  the 
slit.  The  detonator  is  then  inserted  into  the  union  until  it  comes 
firmly  against  the  end  of  the  fuse.  A  space  of  one-eighth  of  an 
inch  between  the  detonator  and  the  fuse  may  be  suflBcient  to  cause  a 
misfire.  A  ring  is  then  slipped  down  over  the  union,  and  as  the  slits 
allow  the  union  to  close  the  detonator  is  held  firmly  in  place. 


FiouRB  14. — ^Method  of  making  cross  connection  with  detonating  fuse :  a.  Main  lines  of 
fuse ;  b,  connecting  branch  of  fuse ;  c,  electric  detonator ;  d,  brass  sleeve ;  e,  winding  of 
branch  about  main  line. 

If  many  holes  are  fired  at  one  time,  requiring  two  or  more  main 
lines,  as  a  matter  of  precaution  it  may  be  advisable  to  make  cross 
connections  between  the  main  lines.  A  method  of  making  cross 
connections  is  described  by  Souder."  The  main  line  is  cut  and  elec- 
tric detonators  placed  on  the  ends,  which  are  then  united  by  a  brass 
sleeve  firmly  crimped  to  the  fuse.  The  connecting  fuse  is  then  split 
and  wound  round  the  brass  sleeve  in  the  ordinary  manner,  as  shown 
in  figure  14. 

•  Souder,  Harrison,  A  new  safety  detonating  fuse :  Am.  Inst.  Min.  Eng.,  Bull.  94,  Octo- 
ber, 1914,  p.  2555. 
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The  arrangement  of  detonating  fuse  and  method  of  wiring  for  a 
blast  in  six  rows  of  holes  in  a  Pennsylvania  quarry  is  shown  in  fig- 
ure 15.  To  insure  against  misfire  two  detonators  are  employed,  and 
each  loop  of  fuse  is  fired  at  both  ends. 

RELATIVE   COST   OF   FUSE   AND   DETONATOBS. 

A  price  quoted  for  cordeau  in  1916  was  $57.50  per  1,000  feet,  bare, 
and  $62.50  per  1,000  feet,  covered.  For  a  20-hole  shot,  with  the  holes 
50  feet  deep  and  arranged  in  two  rows  with  12-foot  burden  and 
14-foot  spacing,  the  total  cost  of  cordeau,  including  a  surface  main 
line,  would  be  about  $78.    Two  electric  detonators  for  each  hole  and 


FiouBx  15. — Arrangement  of  surface  lines  of  detonating  fuse  and  wiring  for  a  blast 
in  a  Pennsylvania  quarry.  Six  rows  of  holes ;  double  lines  are  detonating  fuse ; 
single  lines  are  wires ;  a  a  are  electric  detonators. 

the  necessary  wiring  would  cost  approximately  $20.  Though  cordeau 
is  more  expensive  than  detonators  in  firing  a  charge,  the  increased 
efficiency  with  cordeau  permits  a  compensating  decrease  in  the  size 
of  the  charge,  particularly  when  gelatin  or  ammonia  dynamite  or 
nitrostarch  blasting  powder  are  used.  The  use  of  a  detonating  fuse 
for  deep-hole  blasting  is  to  be  recommended  on  the  basis  of  economy 
and  of  safety. 

EXAMPLES  OF  SHOTS  IN  WHICH   DETONATING  FUSE   WAR   EMPLOYED. 

The  details  of  a  shot  observed  by  the  writer  in  a  quarry  near  Bath, 
Pa.,  are  given  below. 
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The  shot  was  in  cement  rock — that  is,  argillaceous  limestone.  The 
charge  was  distributed  in  20  holes  averaging  85  feet  deep,  the  aver- 
age depth  of  clay  stemming  used  being  22  feet.  "  Fifty  per  cent " 
nitrostarch  blasting  powder  was  used.    As  shown  in  figure  16,  the 

« 

/        ^        S        -^        S        <S        P^       <3       &       /O 

OOOOOOOOOO 

^O      /vP  /<S      /P'     /<5"  /S      /^      /3      /^       // 

OOOOOOOOOO 


/gyg-g 


FiouBB  16. — Arrangement  of  drill  holes  for  a  blast  in  a  quarry  near  Bath,  Pa. 

holes  were  arranged  in  two  rows,  staggered,  and  spaced  18  feet 
apart,  the  first  row  being  18  feet  and  the  second  row  36  feet  from 
the  face.  The  depth  of  the  holes,  depth  of  stemming,  and  number 
of  pounds  of  explosive  in  each  hole  is  shown  in  Table  12. 


Table  12. — Depth  of  drill  holes,  depth  of  stemming^  and  number  of  pounds  of 

dynamite  used  for  a  typical  blast  in  cement  rock. 


Number 

Depth 
of  (bill 

Depth 

Dyna- 

of drill 

of  stem- 

mite 

hole. 

hole. 

ming. 

used. 

Feet, 

Feet, 

Povndt, 

1 

97 

19 

1,000 

2 

92 

21 

900 

3 

93 

22 

850 

4 

89 

21 

850 

5 

78 

20 

750 

0 

78 

20 

750 

7 

76 

18 

650 

8 

74 

18 

500 

9 

75 

18 

500 

10 

71 

22 

500 

11 

76 

29 

550 

12 

80 

23 

700 

13 

82 

25 

750 

14 

85 

20 

750 

15 

86 

26 

750 

16 

88 

24 

800 

17 

90 

27 

850 

18 

92 

23 

800 

19 

95 

27 

930 

20 

95 

25 

900 

The  shot  was  fired  by  means  of  cordeau  in  two  main  lines  without 
cross  connections.  As  far  as  the  writer  could  judge  by  ear  and  eye, 
the  explosion  was  simultaneous.  A  mass  of  rock  of  approximately 
46,080  tons  was  thrown  down  and  was  so  completely  broken  that 
little  secondary  blasting  was  required.  The  total  cost  of  explosive, 
including  fuse,  was  about  3.7  cents  per  ton  of  rock  obtained.  Ap- 
proximately 3  tons  of  rock  were  thrown  down  for  each  pound  of 
explosive. 
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A  description  of  one  of  the  largest  blasts  ever  made  in  a  lime- 
stone quarry  in  the  United  States  will  be  of  interest.  A^  figure  17, 
is  a  plan  showing  the  arrangement,  burden,  and  spacing  of  the 
drill  holes,  and  B  is  the  profile  showing  the  depths  of  the  drill  holes. 
There  were  46  vertical  holes  of  an  average  depth  of  91  feet  11  inches, 
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FiouRS   17. — Arrangement  of  drill  holes  for  a  large  blast  in   a  Tennessee  quarry: 

Aj  Plan :  B,  profile. 

an  average  burden  of  36  feet  5f  inches,  and  an  average  spacing  of 
19  feet  7  inches.  Eight  horizontal  "  snake  holes "  were  drilled  at 
that  part  of  the  face  where  the  burden  was  heaviest.  The  length  of 
the  face  was  880  feet.  The  spacing,  burden,  depth,  and  amount  of 
explosive  for  each  drill  hole  are  shown  in  Table  13. 

Table  18. — Data  for  a  large  blast  in  a  limestone  quarry* 


Explosives  used. 

60  per 

HoleNo. 

Spacing. 

Burden. 

Depth. 

60  per 
cent 
gelatin 
dyna- 
mite. 

cent 
straight 

nltro- 
glvcerbi 

dyna- 

Low- 
fireezing 
dyna- 
mite. 

Cost. 

mite. 

FU   in. 

Ft.    in. 

Ft. 

in. 

Pounds, 

Pounds. 

Pounds. 

1 

23     9 

35   0 

66 

5 

416 

163 

170.90 

3 

18     8 

38    0 

70 

1 

414 

208 

76.80 

3 

90     0 

38    0 

75 

0 

315 

963 

70.10 

4 

21     e 

37   0 

77 

6 

468 

206 

83.26 

6 

18     8 

36   0 

81 

6 

101 

411 

166 

83.74 

6 

21    10 

37   0 

86 

3 

166 

616 

102 

99.84 

7 

17     0 

85   0 

91 

4 

813 

810 

99 

92.73 

8 

16     0 

35   0 

91 

11 

360 

360 

199 

116.53 

9 

20     e 

34    0 

96 

9 

314 

311 

46 

98.00 

10 

20     6 

33   0 

98 

7 

2S0 

323 

161 

80.66 

11 

18     3 

32   0 

97 

9 

354 

276 

101 

93.10 
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Table  13. — Data  for  a  large  blast  in  a  limestone  quarry — CJontlnued. 


Explosives  used. 

60  per 

Hole  No. 

Spacing. 

Burden. 

Depth. 

60  per 
cent 
gelatin 
dyna- 
mite. 

cent 
straight 

nitro- 
glvoerin 

asrna- 

Low 
freesing 
dyna- 
mite. 

Cost. 

mite. 

Ft. 

in. 

Ft.    in. 

Ft. 

in. 

Pounds. 

Pounds. 

Pound*. 

12 

21 

3 

31    0 

100 

1 

408 

279 

49 

194.74 

13 

20 

6 

29    0 

103 

6 

412 

370 

47 

106.86 

14 

20 

0 

26    6 

104 

5 

412 

321 

98 

106.15 

15 

17 

3 

30    0 

106 

2 

307 

375 

170 

107.51 

16 

21 

0 

31    0 

107 

7 

357 

503 

20 

114.00 

17 

18 

6 

29    0 

107 

9 

314 

415 

100 

105.85 

18 

19 

10 

31    6 

108 

9 

310 

369 

65 

95.47 

19 

31    0 

108 

1 

309 

429 

157 

113.34 

30 

21 

6 

24    0 

109 

2 

257 

431 

101 

100.64 

21 

20 

0 

25    6 

109 

8 

312 

339 

103 

96.05 

22 

21 

8 

29    0 

108 

8 

314 

369 

151 

105.53 

23 

17 

6 

31    0 

107 

9 

309 

361 

152 

108.96 

24 

20 

3 

32    0 

107 

0 

362 

364 

101 

105.68 

25 

19 

10 

35    0 

106 

1 

408 

372 

96 

112.25 

26 

16 

0 

39    0 

105 

■  4 

421 

335 

101 

100.48 

27 

19 

2 

40    6 

104 

10 

474 

382 

48 

116.61 

28 

20 

0 

43    0 

104 

5 

472 

374 

263 

139.14 

29 

20 

2 

44    0 

104 

2 

391 

247 

152 

99.79 

30 

21 

6 

44    0 

103 

6 

413 

374 

262 

131.36 

81 

20 

3 

43    6 

103 

2 

417 

431 

49 

115.69 

32 

23 

10 

42    0 

101 

2 

356 

279 

47 

87.75 

33 

20 

0 

40    0 

98 

7 

416 

185 

146 

94.33 

34 

16 

0 

40    0 

94 

11 

419 

330 

99 

108.34 

35 

21 

0 

39    6 

90 

0 

412 

237 

48 

89.09 

36 

21 

0 

39    0 

84 

0 

412 

233 

101 

95.05 

37 

22 

6 

79 

0 

316 

318 

101 

93.61 

38 

20 

0 

%Mm^f 

79 

1 

415 

229 

98 

94.68 

39 

17 

0 

76 

1 

315 

534 

102 

121.68 

40 

19 

6 

73 

3 

258 

386 

188 

104.66 

41 

16 

6 

^^^fcj 

73 

11 

306 

243 

132 

86  00 

42 

15 

0 

»%0^ 

%^M9  ^^V 

71 

0 

260 

305 

106 

85  42 

43 

16 

6 

fln^\^ 

*^\^»^ 

AX^i^ 

\^^9  ^mmm 

67 

7 

260 

196 

103 

70  57 

44 

16 

0 

tfn^v 

Jk  w 

*vw 

f  \#*  af  fl 

33    0 

64 

8 

312 

242 

53 

77.89 

45 

14 

4 

31    0 

62 

0 

207 

306 

106 

78.31 

46 

12 

2 

31    0 

60 

4 

206 

241 

106 

69.86 

16 

32 

0 

250 

194 

210 

82.16 
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Table  13. — Data  for  a  large  blast  in  a  limestone  quarrp — Continued. 


HoleNa 

Spacing. 

Burden. 

Depth. 

Explosives  used. 

Cost. 

1 

60  per 
cent 
gelatin 
dyna- 
mite. 

60  per 
cent 

straight 
nitro- 

glvcerin 
dyna- 
mite. 

Low- 

freedng 
dyna- 
mite. 

2B 
SB 
4B 
5B 
6B 
7B 
8B 
Total. 

Ft.    in, 

14  8 

13      0 

13  6 

15  0 

16  0 

14  4 
13      0 

Ft.    in. 

Ft,    in. 
35      6 
35      0 
34      0 
29      0 

16  0 

17  0 
19      0 

PouTids. 
311 
419 
201 
"  206 
150 
200 
200 

PouTids. 
336 
238 

183 
198 
234 
306 
201 

Pounds. 
160 
453 
218 
220 
167 
109 
159 

1101.84 
135.61 
74.07 
76.91 
68.42 
77.86 
69.73 

16,061 

17,711 

7,205 

5,188.99 

'  The  12  snake  holes  required  548  pounds  of  "  60  per  cent "  gelatin 
dynamite.  A  total  of  7,130  feet  of  cordeau  was  used,  the  cost  of 
which  was  $304.95.  The  following  summary  indicates  the  high  effi- 
ciency of  the  shot : 

Results  of  shot. 

Total  weight  of  explosives,  pounds 41,  525 

Total  cost  of  explosives,  including  dynamite,  fuse,  and 

caps $5,  568.  37 

Weight  of  rock  shot  down,  tons 242,  096 

Cost  of  explosive,  cents  per  ton  of  rock  moved : 

Primary  shot 2. 30 

Secondary  shots 1.  37 

Total  cost  of  explosives 3.  67 

Quantity  of  rock  moved  per  pound  of  explosive,  tons 5.  83 

Plate  IV  shows  the  quarry  face  prior  to  the  blast,  and  Plate  V, 
the  new  face  and  the  mass  of  shattered  rock  resulting  from  the  blast. 
Plate  VI  illustrates  the  blast  itself,  photographed  at  the  moment  of 
detonation. 

GENERAL  CONSU)ERATIONS  IN  BLASTING. 
PBOPETl  BALANCE  BETWEEN  EXPLOSIVES  COST  AND  DRILLING  COST. 

A  given  quantity  of  rock  may  be  broken  with  less  explosive  by 
drilling  a  large  number  of  small  holes  closely  spaced  than  with  a 
smaller  number  of  larger  and  more  widely  spaced  holes.  Therefore, 
within  certain  limits  the  cost  of  explosives  evidently  will  decrease  as 
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the  cost  of  drilling  increases,  and  vice  versa.  If  either  factor  is  over- 
emphasized, blasting  efficiency  is  decreased.  It  is  important,  there- 
fore, that  the  quarryman  attain  a  proper  balance  between  these  two 
costs.  The  soundness  of  the  rock,  the  rate  of  drilling,  the  ease  or 
difficulty  of  shattering,  the  method  of  loading  rock,  and  other  con- 
siderations must  all  be  taken  into  account.  A  ratio  of  drilling  costs 
to  explosives  costs  that  might  prove  the  cheapest  in  one  quarry  might 
not  be  suited  to  another  quarry.  The  quarryman  must  determine  by 
experiment  the  relative  costs  of  drilling  and  explosive  that  >vill  give 
the  lowest  aggregate  cost  of  the  two. 

PROPER    BALAVCE    BETWEEN    BLASTING    EFFICIENCY    AND    ROCK-LOADING    EFFICIENCY. 

All  quarrymen  know  that  the  size  of  a  charge  must  be  so  regulated 
that  the  rock  will  not  be  thrown  too  far.  Aside  from  obstructing 
and  damaging  of  tracks,  a  wide,  thin  mass  of  rock  is  more  expensive 
to  load  with  a  steam  shovel  than  a  thicker  mass  which  covers  a 
smaller  area.  It  may  be  assumed  that  loading  can  be  done  most  effi- 
ciently when  the  face  of  the  rock  pile  stands  at  its  maximum  angle  of 
repose,  that  is,  as  steep  as  the  fragments  will  lie  without  rolling 
down.  This  condition  is  most  easily  attained  in  comparatively  low 
benches  where  "blanket"  blasting  may  be  employed.  The  buffer 
of  shattered  rock  prevents  fragments  scattering  and  thus  aids  in 
maintaining  a  steep  face.  With  a  high  face  the  proper  adjustment 
of  the  chai*ge,  both  as  to  spacing  of  drill  holes  and  quantity  of  ex- 
plosive used,  is  a  more  difficult  matter. 

Moreover,  there  is  an  intimate  relation  between  rate  of  loading  and 
efficiency  in  blasting.  If  light  charges  are  employed  the  explosives 
costs  may  be  low,  but  the  rock  may  be  so  imperfectly  shattered  that 
loading  is  repeatedly  delayed  while  blocks  ahead  of  the  steam  shovel 
are  being  broken  by  secondary  blasting.  Owing  to  such  delays,  the 
daily  tonnage  loaded  with  each  shovel  may  be  small. 

PROPER  BALANCE  BETWEEN  SIZE  OF  BLAST  AND  SIZE  OF  STEAM   SHOVEL. 

In  some  quarries  where  "  blanket "  blasting  is  employed  on  a  low 
face,  blasting  may  precede  steam-shovel  loading  by  a  long  period  of 
time.  Under  such  conditions  the  two  operations  are  independent  of 
each  other  insofar  as  size  of  blast  and  width  of  steam-shovel  cut  are 
concerned.  In  other  quarries  steam-shovel  loading  follows  blasting 
closely.  In  blasting  on  a  high  face  the  rock  brought  down  by 
one  blast  is  all  removed  before  another  mass  is  shot  down,  but  in 
"  blanket "  blasting  on  a  low  face,  a  definite  width  of  shattered  rock 
may  be  left  for  a  buffer.  In  either  case  the  position  of  the  steam- 
shovel  tracks  for  the  fipal  cut  is  guided  by  the  position  of  the  face. 
As  pointed  out  on  a  subsequent  page  (p.  123),  one  of  the  necessary 


QXTABRY  METHODS  AND  EQUIPMENT.  93 

conditions  for  efficient  loading  is  that  each  cut  shall  be  the  maximum 
width  the  shovel  is  capable  of  handling.  Therefore  it  is  important 
that  the  mass  to  be  removed  is  of  such  width  that  it  may  be  taken 
in  full  cuts.  Usually  the  mass  is  removed  in  two  or  three  cuts.  The 
actual  number  of  cuts  varies  because  it  depends  on  the  size  of  the 
shovel  and  the  magnitude  of  the  mass  that  may  be  shot  down  effici- 
ently at  one  time,  but  it  is  important  that  the  mass  shall  not  require 
a  narrow  cut  to  complete  its  removal.  For  example,  if  the  mass  to  be 
removed  is  2^  cuts  wide,  the  expense  of  moving  the  track  and  the 
number  of  moves  for  the  shovel  are  the  same  for  the  half  cut  as  for 
a  full  cut,  consequently  the  cost  of  loading  the  half  cut  is  excessive. 
Therefore  the  blasting  foreman  should  so  judge  the  magnitude  of  the 
charges  that  the  mass  of  shattered  rock  resulting  from  the  blast  shall 
when  lying  at  the  maximum  angle  of  repose  be  of  such  a  width  that 
it  may  be  removed  at  one,  two,  or  more  full  cuts.  On  the  other  hand 
if  it  is  found  that  a  blast  of  a  certain  size  gives  greater  efficiency 
than  those  of  larger  or  smaller  size,  then  the  size  of  the  steam  shovel 
should  be  such  that  it  can  load  the  entire  mass  in  full  cuts.  The 
proper  adjustment  may  therefore  be  made  by  varying  either  the  size 
of  the  blast  or  the  size  of  the  steam  shovel,  the  method  of  adjustment 
being  governed  by  quarry  conditions. 

SECONDABY  BLASTING. 
DEFINrriON    OF   SECONDARY   BLASTING. 

The  term  secondary  blasting,  as  previously  stated,  is  applied  to  the 
process  of  breaking  with  explosives  the  larger  pieces  resulting  from 
the  primary  shots  into  sizes  convenient  for  loading.  The  process  is 
known  locally  as  "  blistering  "  or  "  bulldozing."  Secondary  shots  are 
also  occasionally  termed  "  subsequent "  shots. 

CONDmONS  GOVERNING  THE  EXTENT  OF  SECX)NDART  BLASTING. 

The  amount  of  secondary  blasting  required  depends  on  three 
main  factors:  (1)  The  nature  of  the  rock,  (2)  the  efficiency  of  the 
primary  shot,  and  (3)  the  method  of  loading  rock. 

Bock  that  breaks  easily  and  splits  readily  parallel  with  the  bed- 
ding, like  much  of  the  cement  rock  of  the  Lehigh  district,  requires 
little  secondary  blasting,  as  the  primary  shots  break  the  rock  into 
small  pieces.  However,  many  limestone  ledges  break  with  difficulty, 
and  many  of  the  fragments  resulting  from  the  primary  shot  may  be  of 
large  size.  An  excessive  number  of  large  blocks  may  also  result 
from  the  presence  of  open  joints  which  intersect  the  rock  ledge  and 
divide  it  into  numerous  independent  masses.  The  masses  in  which  the 
holes  for  the  charges  are  drilled  will  probably  be  shattered  sufficiently. 
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but  those  having  no  drill  hole  in  them  will  probably  be  only  slightly 
shattered,  because  the  seams  act  as  buffers  and  tend  to  check  the 
force  of  the  explosion.  As  a  result,  such  masses  may  be  merely 
pushed  out  and  may  not  be  broken.  As  a  rule,  the  drill  holes  for 
primary  shots  should  be  more  closely  spaced  in  seamy  than  in  sound 
rock,  for  such  an  arrangement  promotes  shattering  and  decreases  the 
amount  6t  secondary  blasting  necessary. 

Also,  light  charges  tend  to  throw  the  rock  down  in  large  frag- 
ments, whereas  heavier  charges  would  probably  break  it  up  much 
better.  Furthermore,  a  low-grade  explosive  breaks  the  rock  less 
efficiently  than  a  high-grade  explosive.  In  a  number  of  quarries, 
"60  per  cent"  dynamite  is  used  for  all  primary  shots,  for  it  is 
claimed  that  such  an  explosive  breaks  the  rock  much  better  than 
"  40  per  cent "  dynamite.  In  quarries  where  the  rock  is  difficult  to 
break  into  fragments  of  convenient  size,  the  quarryman  should  aim 
to  use  explosives  that  have  a  high  disruptive  effect  rather  than  those 
the  effect  of  which  is  mainly  propulsive. 

Secondary  blasting  is  influenced  greatly  by  the  method  of  loading 
the  rock.  Rock  loaded  by  hand  must  be  broken  into  sizes  that 
one  man  can  handle,  or  can  easily  be  reduced  by  sledging  to  the 
desired  size,  whereas  steam  shovels  can  load  fragments  of  large  size. 
Thus  the  expense  for  secondary  blasting  is  usually  much  higher 
where  hand  loading  is  employed  than  where  steam  shovels  are  used. 

METHODS   or    SECONDARY   BLASTING. 

Two  methods  are  in  common  use  in  secondary  blasting,  known  as 
the  "mud-capping"  or  "adobe"  method,  and  the  "block  holing" 
method.  The  mud-capping  method  is  known  locally  by  other  names 
such  as  "  dobeying,"  "  blistering,"  or  "  bulldozing,"  though  some  of 
these  terms  are  applied  to  any  method  of  secondary  blasting.  The 
method  consists  in  placing  a  stick  of  dynamite,  with  a  fuse  attached, 
on  the  surface  of  the  rock  to  be  broken,  and  covering  the  dynamite 
with  a  mass  of  clay  which  tends  to  confine  the  explosion  and  direct 
•  it  toward  the  rock.  In  the  block-holing  method,  holes  several  inches 
deep  are  drilled  in  the  blocks  with  hammer  drills,  and  a  stick,  or 
part  of  a  stick,  of  dynamite  is  placed  in  each  hole.  The  rock  dust 
that  results  from  drilling  is  commonly  used  for  stemming.  Com- 
paratively low-grade  explosive  is  employed,  "  30  per  cent "  dynamite 
being  commonly  used.  Whatever  method  is  employed,  a  number 
of  blasts  are  prepared,  the  fuses  lighted,  and  the  blasts  thus  dis- 
charged in  rapid  succession.  In  one  quarry  in  the  Lehigh  district, 
electric  detonators  are  placed  in  the  charges,  connected  by  wires, 
and  fired  simultaneously  with  an  electric  current. 
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ADVANTAGES  OF  "  BLOCK-HOUNG  "  OVER  "  MUD-CAPPING  "   METHOD. 

Mud-capping  is  usually  regarded  as  an  inefficient  and  expensive 
method  of  secondary  blasting.  It  is  well  known  that  black  blasting 
powder  discharged  on  a  rock  surface  has  little  or  no  effect  on  the 
rock,  whereas  dynamite  discharged  in  the  same  manner  may  shatter 
the  rock  to  a  considerable  extent.  For  this  reason  it  is  a  common 
belief  among  quarrymen  that  the  explosive  force  of  black  blasting 
powder  is  directed  upward,  whereas  that  of  dynamite  is  directed 
downward.  It  should  be  clearly  understood,  however,  that  all  ex- 
plosives exert  equal  force  in  all  directions.  The  different  results  ob- 
tained from  black  blasting  powder  and  dynamite  are  due  to  the  dif- 
ferent rates  of  combustion  of  the  two  explosives.  Gases  are  evolved 
at  a  comparatively  low  rate  of  speed  from  black  blasting  powder 
and,  consequently,  they  can  readily  push  aside  the  overlying  air  and 
escape.  When  dynamite  is  discharged,  however,  the  gases  are  evolved 
so  rapidly  that  they  can  not  readily  escape  and,  consequently,  exert  a 
violent  shattering  force  upon  any  body  with  which  the  dynamite  is  in 
contact.  As  this  force  is  the  same  in  all  directions,  it  may  be  readily 
understood  that  when  a  stick  of  dynamite  is  discharged  on  the  surface 
of  a  rock,  a  large  proportion  of  the  energy  of  the  explosion  is  wasted 
and  does  no  useful  work.  On  the  other  hand,  if  the  dynamite  is 
discharged  in  a  drill  hole,  a  much  greater  proportion  of  the  energy  is 
expended  on  the  rock. 

As  a  result  of  tests  made  by  the  Bureau  of  Mines,«it  was  found 
that  the  block-holing  method  is  at  least  10  times  as  effective  in  break- 
ing limestone  as  the  adobe  method  for  a  given  quantity  of  explosive. 
Similar  conclusions  have  been  reached  by  many  quarrymen  as  a  re- 
sult of  practical  experience.  As  a  consequence,  the  block-holing 
method  is  commonly  employed  for  a  major  part  of  secondary  blast- 
ing, the  adobe  method  being  used  only  under  special  conditions.  In 
some  places,  however,  the  latter  method  is  employed  extensively  and 
with  low  efficiency. 

METHOD  OF  BLOCK-HOLE  BLASTING. 

In  drilling  for  secondary  shots,  lines  of  hose  are  usually  employed 
to  conduct  compressed  air  to  the  hammer  drills  from  the  main  air 
lines  on  the  quarry  bank.  Other  methods  have  also  been  noted.  In 
one  quarry  a  motor-driven  air  compressor.is  mounted  in  a  box  car  and 
can  thus  be  readily  shifted  to  the  place  where  drilling  is  required, 
making  long  air  lines  unnecessary.    In  another  quarry  the  steam 

•  See  Snelling,  W.  0.,  and  Hall,  Clarence,  The  effect  of  stemming  on  the  efficiency  of 
explosives:  Tech.  Paper  17,  Bureau  of  Mines,  1912,  p.  16;  Hall,  Clarence,  and  Howell, 
8.  P.,  The  selection  of  explosives  used  in  engineering  and  mining  operations :  Bull.  48, 
BnreftQ  of  Mines,  1918,  pp.  87-89. 
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shovel  is  equipped  with  a  compressor  of  the  Westinghouse  air-brake 
type.  Where  secondary  blasting  is  carried  on  within  a  short  distance 
of  the  steam  shovel,  this  is  a  very  convenient  method. 

If  many  large  blocks  are  visible  in  the  mass  of  rock  thrown  down 
by  the  primary  shot,  it  is  customary  in  some  quarries  to  drill  and 
blast  these  blocks  ahead  of  the  steam  shovel.  Where  the  mass  is 
broken  up  more  thoroughly  by  the  primary  shot  such  preliminary 
blasting  is  usually  omitted.  Even  where  the  primary  blasting  is 
highly  efficient  blocks  of  large  size  are  frequently  encountered  in 
loading  with  a  steam  shovel.  Some  of  the  blocks  may  be  too  large 
to  be  lifted  with  the  dipper,  or  blocks  that  the  steam  shovel  could 
handle  may  be  too  large  for  the  crusher.  In  either  event,  it  is  custom- 
ary to  push  such  blocks  to  one  side.  As  the  steam  shovel  is  advanced 
these  large  masses  are  left  between  the  steam-shovel  track  and  the 
face.  They  are  later  drilled  and  blasted  and  the  resulting  fragments 
are  loaded  with  the  next  cut. 

Where  hand  loading  is  employed  the  larger  masses  exposed  at  the 
surface  are  first  blasted  and  other  large  masses  are  blasted  subse- 
quently as  they  are  encountered  in  loading. 

CIRCUMSTANCES   THAT   JUSTIFY  THE   MUD-CAPPING   METHOD. 

Occasionally  in  steam-shovel  loading  masses  of  rock  too  large  to 
be  moved  with  the  dipper  may  effectively  block  further  progress. 
For  such  blocks  "mud-capping"  is  probably  preferable  to  "block 
holing  "  to  save  time.  The  drilling  might  require  only  a  few  minutes, 
but  during  this  time  the  st^am-shovel  gang  and  the  train  crew  would 
be  idle.  The  use  of  a  few  more  pounds  of  explosive  is  cheaper  than  to 
keep  10  or  12  men,  a  locomotive,  and  a  steam  shovel  idle  for  even  as 
short  a  space  as  20  minutes  or  one-half  hour. 

Another  circumstance  which  may  justify  mud-capping  is  the  ob- 
struction of  tracks  with  blocks  of  stone.  As  a  result  of  a  blast  or  a 
rock  slide,  large  masses  of  stone  may  roll  onto  the  tracks,  preventing 
the  passage  of  cars  or  locomotives.  Stalling  of  loaded  or  empty  cars 
may  not  only  hinder  the  train  crew,  but  also  keep  the  steam-shovel 
gang  or  the  hand  loaders  idle  for  lack  of  cars.  As  in  the  preceding 
case,  time  is  of  more  value  that  a  few  pounds  of  dynamite.  There- 
fore, mud-capping,  which  requires  only  a  few  minutes,  is  more 
economical  than  block-holing. 

Where  the  large  fragments  are  thin  and  slablike  in  form  it  may 
be  difficult  to  obtain  drill  holes  of  effective  depth,  and  mud-capping 
may  give  better  results  than  the  block-holing  method. 

The  amount  of  blasting  imder  the  special  conditions  that  may  jus- 
tify mud-capping,  as  outlined  in  the  preceding  paragraphs,  probably 
represents  a  very  small  proportion  of  the  total  secondary  blasting 
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required  in  any  quarry.    Except  when  these  conditions  arise,  all  sec- 
ondary blasting  should  be  by  block-holing. 

EXAMPLES  OF  EXCESSrV'E  SECONDARY  BLASTING  COSTS. 

A  number  of  instances  have  been  noted  where  the  cost  of  secondary 
blasting  was  excessive.  It  may  be  instructive  to  quarrymen  to  review 
the  probable  causes  of  the  high  costs,  in  order  that  inefficient  methods 
may  be  recognized  and  avoided. 

In  one  limestone  quarry  observed,  more  explosive  is  used  for  sec- 
ondary than  for  primary  blasting.  Two  causes  may  be  assigned. 
First,  the  rock  is  seamy,  and  hence  many  large,  solid  masses  are 
thrown  down.  Where  such  conditions  prevail,  the  quarryman  may 
find  some  useful  suggestions  on  pages  50-51,  where  blasting  in  un- 
sound rock  is  discussed.  In  the  second  place,  the  high  cost  is  partly 
due  to  hand  loading,  for  the  rock  must  be  broken  into  small  pieces 
to  be  loaded  by  this  method. 

In  a  limestone  quarry  in  the  Middle  West,  excessive  secondary 
blasting  is  required  because  the  rock  is  very  hard  and  is  thrown  down 
in  large  solid  fragments  by  the  primary  shots.  Tripod-drill  holes 
are  placed  5  feet  apart  and  with  a  6-foot  burden  on  32- foot  benches. 
The  explosive  employed  is  40  per  cent "  straight "  nitroglycerin  dyna- 
mite. Larger  and  more  widely  spaced  holes  made  with  a  chum  drill 
or  wagon  drill  would  probably  give  better  results,  especially  if  "  60 
per  cent "  dynamite  were  employed. 

In  one  southern  limestone  quarry  as  much  explosive  is  used  for  sec- 
ondary as  for  primary  blasting.  Apparently,  this  is  due  chiefly  to 
the  fact  that  the  rock  is  loaded  by  hand  and  must  be  broken  into 
pieces  much  smaller  than  is  necessary  for  steam-shovel  loading. 

In  several  quarries  visited  by  the  writer,  the  high  cost  of  secondary 
blasting  is  due  chiefly  to  the  employment  of  the  wasteful  and  in- 
efficient mud-capping  method.  The  introduction  of  the  block-holing 
method  would  greatly  reduce  the  amount  of  explosive  required. 

EXAMPLES  ILLUSTBATING  BLASTING  EFFICHENCY. 

The  following  selected  examples  are  fairly  representative  of  the 
degree  of  efficiency  attained  in  American  quarries  where  rock  is 
obtained  for  the  manufacture  of  Portland  cement.  Conditions  vary 
so  widely  that  the  results  obtained  in  different  places  can  not  be 
intelligently  compared  without  understanding  the  controlling  con- 
ditions. Consequently,  the  conditions  in  each  quarry  are  briefly 
outlined.  The  results  are  expressed  as  the  number  of  tons  of  rock 
obtained  per  pound  of  explosive,  and  not  in  terms  of  costs.  Wlien 
given  in  this  form,  the  result  is  independent  of  fluctuations  in  price 
of  explosive. 
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Example  1. 

Conditions, — ^Limestone  is  thin-bedded,  with  a  few  open  joints;  chum-drill 
holes  are  5  Inches  in  diameter  and  90  feet  deep,  with  17-foot  spacing  and  26- 
foot  burden,  and  are  arranged  in  a  single  row,  12  to  20  holes  being  fired  at  one 
time ;  continuous  charge  of  "  40  per  cent "  dynamite  is  used,  with  three  electric 
detonators  in  each  hole;  secondary  shots  are  chiefly  by  block-holing  method; 
steam-shovel  loading. 

Result, — Approximately  4  to  5  tons  of  rock  is  obtained  per  pound  of  explo- 
sive, including  secondary  shots. 

Example  2. 

Conditions, — ^Limestone  dips  35*^  to  40'' ;  has  some  open  bedding  planes  and 
a  few  joints;  quarry  face  is  perpendicular  to  strike;  chum-drill  holes  are  60 
to  80  feet  deep,  with  16-foot  spacing  and  20-foot  burden,  12  to  20  holes  being 
fired  at  one  time  in  single  row ;  charge  is  continuous,  "  60  per  cent "  dynamite 
being  used  in  bottom  of  hole  and  "  40  per  cent "  dynamite  for  main  part,  and 
is  fired  with  detonating  fuse ;  rock  is  loaded  by  hand. 

Result, — Approximately  3^  to  4  tons  of  rock  is  obtained  per  pound  of  ex- 
plosive, not  including  secondary  blasting. 

Example  3. 

Conditions, — Cement  rock  is  thin-bedded  in  upper  20  feet,  with  solid  ledge 
beneath;  churn-drill  holes  are  145  feet  deep,  with  18-foot  spacing  and  20>foot 
burden,  10  to  22  holes  being  fired  at  one  time  in  single  row ;  continuous  charge, 
mainly  "  40  per  cent "  dynamite,  "  30  per  cent "  dynamite  used  near  top,  four- 
electric  detonators  used  in  each  hole ;  steam-shovel  loading. 

Result, — ^About  3i  tons  of  rock  is  obtained  per  pound  of  explosive,  including 
secondary  shots. 

Example  4. 

Conditions, — Limestone  lies  flat,  is  thin-bedded  near  top,  but  otherwise  sound ; 
20-foot  face;  8  to  20  5-inch  churn-drill  holes  arranged  in  two  rows  and  stag- 
gered are  fired  at  one  time;  continuous  charge  of  "40  per  cent"  ammonia 
dynamite,  fired  with  electric  detonators;  steam-shovel  loading. 

Result, — Average  for  several  years  is  3.9  tons  of  rock  per  pound  of  explosive, 
including  secondary  shots. 

Example  5. 

Conditions, — Limestone  lies  flat,  is  thin-bedded  but  fairly  sound;  60  to  70 
churn-drill  holes  19  feet  deep  are  shot  at  one  time,  the  holes  being  in  two. 
three,  four,  or  six  rows,  and  staggered ;  "  blanket "  blasting ;  continuous  charge 
of  "  60  per  cent  **  nitrostarch  blasting  powder,  fired  with  two  No.  8  detonators 
in  each  hole ;  steam-shovel  loading. 

Result, — About  4  tons  of  rock  is  obtain  per  pound  of  explosive,  Including 
secondary  shots. 

Example  6. 

Conditions. — Limestone  dips  at  low  angle,  is  thin-bedded,  with  few  open  and 
many  closed  seams ;  25-foot  face ;  about  20  5^-inch  holes,  with  10-foot  spacing, 
arranged  in  two  rows  and  staggered  are  fired  at  one  time,  supplemented  by 
tripod  drill  holes  in  hard  bed ;  broken  charge  of  40  per  cent  "  straight "  nltro- 
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glycerin  dynamite  is  used,  with  intermediate  stemming  in  soft  bed,  two  electric 
detonators  are  placed  in  bottom  charge,  and  one  in  top  charge;  steam-shovel 
loading. 

Result. — ^About  3  tons  of  rock  is  obtained  per  pound  of  explosive,  including 
secondary  blasting. 

•  Example  7. 

Conditions. — Limestone  lies  flat,  is  thin-bedded  near  surface,  thick-bedded 
below;  30  to  35  foot  face;  20  to  30  chum-drill  holes,  with  12-foot  spacing  and 
12-foot  burden,  arranged  in  two  rows  and  staggered  are  fired  at  one  time; 
continuous  charge  of  "  60  per  cent  *'  gelatin  dynamite,  with  electric  detonators, 
is  used ;  secondary  blasting  is  mostly  by  "  mud-capping  *'  method. 

Result. — ^About  2.7  tons  of  rock  is  obtained  per  pound  of  explosive,  including 
secondary  blasting. 

Example  8. 

Conditions. — ^Limestone  lies  flat,  is  thick-bedded,  with  few  seams;  22-foot 
face;  an  overburden  of  clay  2  to  4  feet  thick  is  shot  down  with  rock  and  in- 
cluded in  tonnage;  about  50  4-inch  churn-drill  holes,  with  7  to  10  foot  spac- 
ing and  12-foot  burden,  arranged  In  two  rows  and  staggered  are  fired  at  one 
time  with  electric  detonators,  60  per  cent  "straight"  nitroglycerin  dynamite 
used;  steam-shovel  loading. 

Result. — ^About  2i  tons  of  rock  Is  obtained  per  pound  of  explosive,  primary 
blasting  only. 

Example  9. 

Conditions. — Limestone  lies  flat,  is  thick-bedded;  30  to  50  foot  face;  20  to 
30  churn-drill  holes  with  18-foot  spacing  and  18-foot  burden  are  shot  at  one  time 
in  one  row,  with  occasional  holes  closer  to  face  and  staggered;  60  per  cent 
"straight"  nitroglycerin  dynamite  and  electric  detonators  are  used  for  pri- 
mary shots;  secondary  blasting  is  nearly  all  by  block-holing  method,  using* 
hammer  drill  and  **40  per  cent"  dynamite;  steam-shovel  loading. 

Result. — About  2.6  tons  of  rock  is  obtained  per  pound  of  explosive,  including 
secondary  blasting. 

Example  10. 

Conditions. — Limestone  lies  nearly  flat,  is  thick-bedded,  has  some  open  bed- 
ding seams  and  some  open  joints ;  70  to  80  foot  face ;  20  to  40  churn-drill  holes 
arranged  in  two  rows  and  staggered  are  fired  at  one  time ;  first  row  has  18-foot 
spacing  and  15-foot  burden,  second  row  has  18-foot  spacing  and  14-foot  burden ; 
for  primary  shots  broken  charge  of  60  per  cent  "  straight "  nitroglycerin  dyna- 
mite with  intermediate  stemming,  fired  with  detonating  fuse;  secondary  shots 
are  mostly  by  block-holing  method,  **  40  per  cent "  dynamite  being  used ;  steam- 
shovel  loading. 

Result. — About  4  tons  of  rock  is  obtained  per  pound  of  explosive  used  for 
primary  blasting  only,  and  3.6  tons  per  pound  of  explosive  including  that  used 
for  secondary  blasting. 

Example  11. 

Conditions. — ^Limestone  beds  dip  about  30"*,  have  a  few  open  seams  and  clay 
pockets ;  80-foot  face ;  18  to  40  churn-drill  holes  are  drilled  in  single  row,  with 
20-foot  spacing  and  20-foot  burden,  holes  extend  3  to  5  feet  below  quarry 
floor ;  a  little  "  80  per  cent "  dynamite  is  used  in  bottoms  of  holes,  main  part 
of  charge  is  "60  per  cent"  dynamite  and  "40  per  cent"  dynamite,  electric 
detonators  are  used ;  rock  Is  loaded  by  hand. 
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Result. — ^About  5  tons  of  rock  is  obtained  per  pound  of  explosive,  primary 
shots  only,  and  21  tons,  including  secondary  blasting. 

Example  12. 

« 

Conditions. — Limestone  beds  lie  nearly  flat,  upper  20  to  80  feet  are  jointed, 
but  rock  beneath  is  sound ;  40  to  60  chum-drill  holes  with  an  average  depth  of 
95  feet,  arranged  in  one  row,  or  two  rows  staggered,  spacing  16  to  22  feet, 
burden  36  feet,  are  fired  at  one  time;  charge  is  mostly  "60  per  cent*'  low- 
freezing  dynamite,  about  one-fifth  of  the  charge  being  of  lower  grade,  and  Is 
fired  with  detonating  fuse ;  steam-shovel  loading. 

Result.— About  5.8  tons  of  rock  is  obtained  per  pound  of  explosive,  pi;imary 
blasting  only. 

*  Example  13. 

Conditions. — Limestone  is  thick  bedded  and  dips  10**  to  15**;  24  churn-drill 
holes  5f  inches  in  diameter  and  56  to  121  feet  deep,  with  a  spacing  of  16  to 
17  feet  and  a  burden  of  22  feet ;  also  34  **  snake  holes  "  16  feet  long  are  drilled ; 
churn-drill  holes  contain  broken  charges  with  12  feet  of  intermediate  stem- 
ming, "60  per  cent"  gelatin  dynamite  and  ^30  per  cent"  dynamite  are  used 
in  about  equal  quantities,  the  charge  being  fired  with  detonating  fuse. 

Result, — ^About  4.2  tons  of  rock  is  obtained  per  pound  of  explosive,  primary 
blasting  only,  rock  well  broken. 

Example  14. 

Conditions. — ^Limestone  beds  lie  flat,  have  many  clay  seams ;  50-foot  face ;  50 
per  cent  '*  straight "  nitroglycerin  used  in  5|-inch  churn-drill  holes,  burden  and 
spacing  variable  on  account  of  seams;  steam-shovel  loading. 

Result. — ^About  3.8  tons  of  rock  is  obtained  per  pound  of  explosive,  including 
secondary  blasting. 

EXAMPLES  OF  QUABBY  COSTS. 

The  following  additional  examples  of  actual  quarry  costs  may  be 
of  interest: 

Example  1. 

Conditions. — ^Bench  quarry,  no  stripping,  limestone  dipping  at  a  high  angle, 
numerous  open  bedding  planes;  tripod  drills  employed,  making  holes  2^  inches 
in  diameter  and  16  feet  deep;  spacing  6  to  10  feet;  **40  per  cent"  dynamite 
used ;  secondary  blasting  is  by  both  "  block-holing "  and  **  mud-capping " 
methods,  more  explosive  being  used  in  secondary  than  In  primary  blasting ;  rock 
is  hand-loaded ;  cars  are  hauled  by  mules. 

Result. — Operating  cost  of  delivering  rock  to  crusher,  18  to  19  cents  per  ton. 

The  use  of  more  explosive  for  secondary  than  for  primary  blasting 
is  due  to  the  fact  that  the  useful  work  done  by  the  explosive  in  the 
primary  shots  is  lessened  by  the  presence  of  open  seams,  and  also  to 
the  necessity  of  breaking  the  rock  into  small  pieces  suitable  for  hand 
loading. 

Example  2. 

Conditions. — Crystalline  limestone,  overburden  6  to  15  feet  of  clay  or  shale, 
many  lurge  clay  imckets,  rook  variable  in  ronipoaltlon,  churn-drill  holes  are  15 
to  20  feet  deep  and  6  Inches  In  diameter,  explosive  used  is  "  40  per  cent "  am- 
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monia  dynamite,  electric  detonators ;  secondary  shots  are  mostly  by  block-holing 
method ;  rock  is  hand-loaded  on^  four  levels,  locomotive  transportation  on  heavy 
grades. 

Result. — Operating  cost  of  delivering  rock  to  crusher,  stripping  included,  is 
32  cents  per  ton. 

Example  S,^ 

Conditions, — Quarry  is  situated  in  the  Middle  West ;  rock  is  an  argillaceous 
limestone,  fairly  uniform  in  quality,  with  occasional  seams  and  pockets ;  face  is 
40  to  60  feet  high,  and  is  shot  down  as  a  single  bench;  churn  drill  employed, 
drilling  holes  6  inches  in  diameter  and  averaging  55  feet  in  depth,  with  a 
spacing  of  10  feet  and  a  burden  of  8  feet ;  about  14  holes  are  shot  at  one  time, 
"  40  per  cent "  gelatin  djrnamite  is  used,  about  150  pounds  in  each  hole ;  rock  is 
loaded  with  steam  shovels. 

Result. — ^The  total  operating  cost  of  drilling,  including  repairs,  is  3.15  cents 
per  ton  of  rock.  Assuming  a  price  of  12  cents  a  pound  for  the  explosive,  the 
cost  of  blasting  per  ton  of  rock  is  5.76  cents.  The  total  cost  of  drilling  and 
blasting  is,  therefore,  8.91  cents  per  ton  of  rock  produced. 

Example  4. 

Conditions. — ^Rock  is  hard  limestone,  with  3  to  8  feet  of  soil  overburden; 
chum  drills  are  used,  drilling  holes  5f  inches  diameter  and  averaging  70  feet 
deep,  main  charges  are  40  per  cent  "  straight "  nitroglycerin  dynamite,  with  a 
little  "  60  per  cent "  dynamite  in  bottoms  of  holes ;  secondary  blasting  is  mostly 
by  "mud-capping"  method;  rock  is  loaded  with  three  tractor  shovels  having 
dippers  of  }-yard  capacity. 

'Result. — Cost  of  explosives  (dynamite  at  20  cents  per  pound)  is  7  cents  per 
ton  of  rock  obtained ;  total  operating  cost  of  delivering  rock  to  crusher  is  about 
30  cents  per  ton. 

Example  5. 

Conditions. — ^Limestone,  flat-lying,  thin-bedded,  25-foot  face;  blasts  in  churn- 
drill  holes,  in  two  rows  and  staggered,  8  feet  apart,  "40  per  cent"  ammonia 
dynamite  used,  buffer  method  of  blasting  is  employed;  secondary  blasting  is 
by  block-holing  method;  rock  is  loaded  by  steam  shovel;  locomotive  haulage; 
average  output  about  1,500  tons  per  day. 

Result. — ^Total  operating  cost  of  delivery  to  crusher,  stripping  not  included. 
Is  12  to  13  cents  per  ton  of  rock  obtained. 

BLASTING  BECOBDS. 

IMPORTANCE  OF  KEEPING  RECORDS. 

The  preceding  pages  have  shown  that  blasting  is  a  complicated 
problem  involving  many  interdependent  factors.  The  progressive 
quarry  operator  constantly  endeavors  to  reduce  the  cost  of  produc- 
tion. As  a  result,  many  changes  in  methods  of  blasting  may  be 
made,  and  the  only  way  in  which  the  operator  can  judge  the  relative 
efficiency  of  the  various  methods  tried  is  to  keep  a  careful  cost  record 
of  each.  Therefore  the  maintenance  of  such  records  is  an  essential 
factor  in  successful  blasting. 

*  See  McDaniel,  A.  B.,  Methods  employed  in  drilling  and  blasting  in  the  cement  quarry : 
Concrete  Cement  Age,  June,  1914,  p.  70. 
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All  records  should  be  reduced  to  some  convenient  basis  for  com- 
parison. DriUing  may  be  expressed  as  cost  per  foot  of  hole  drilled, 
and  explosives  as  the  amount  of  rock  moved  per  pound  of  explosive 
used,  or  as  the  cost  per  ton  of  rock  obtained.  Usually  all  costs  are 
reduced  to  a  rock  tonnage  basis. 

EXAMPLES  OF  BliASTING  BECORDS. 

The  following  tables  are  actual  blasting  records  from  a  Pennsyl- 
vania quarry.  Three  records  are  given  in  order  that  the  relative 
efficiency  of  the  different  methods  may  be  compared. 

Table  14. — Examples  of  blasting  records  kept  at  a  Pennsylvania  quarry, 

BLAST  11. 


Labor  and  material. 


Prtmarp  bliut. 
Labor: 

Drilling  024  feet,  at  44  cents 1274.56 

815 feet,  at 42 cents 342.30 


Cleaning  holes , 

Handling  powder  and  loading  holes . 


Supplies: 

i)ynamite,  low-freesing— 

7,606  pounds.  80  per  cent,  at  9  cents  per  pound. , 
300  pounds.  40  per  cent,  at  11  cents  per  pound. . 
1{850  pounds,  60  per  cent,  at  11  cents  per  pound , 
fiOO  pounds,  60  per  oent,  at  12^  cents  per  pound .. . 


Detonators— 
12, 40-foot., 
10,80-foot., 
11,  lOQ-foot. 
18,  UO-foot. 


Labor: 

Air  drilling 
Blasting... 


Total,  primary  blast 

Secondary  bUuting. 


Supplies: 

Dynamite,  700  pounds,  40  per  cent , 


Fuses,  1,100  feet 

Detonators,  125  pieces. 


Total,  secondary  blasting. 
Orand  total 


Iteraixed  cost. 


Amount. 


1616.86 

5.85 

30.58 


684.54 
22.00 

148.60 
6L25 


1.65 
2.38 
3.20 
4.50 


14.17 
84.30 


77.00 


3.52 

.88 


Cost  in 

cents  per 

ton. 


L62 
.02 
.08 


L80 
.06 
.39 
.16 


.01 

.01 

01 


.04 
,22 


20 


.01 


Total  cost. 


Amount. 


1653.29 


916.39 


1L63 


1,68L21 


98.47 

77.00 

4.40 


179.87 


1,761.08 


Cost  in 

cents  per 

ton. 


L72 


2.41 


.08 


4.16 


.26 

.20 
.01 


.47 


4.63 


OBHZ&AX*  DATA. 


Holes  drilled,  12. 

Drilling  hours,  419. 

Feet  drilled,  1,430. 

Feet  drilled  per  hour,  8.48. 

Rock  blasted,  37,994  gross  tons. 

Tons  per  pound  of  dynamite,  primary  blasting,  3.93. 

Blast  made  July  1, 1915. 

Drilling  done  by  contract,  100  per  cent. 
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Table  14. — Examplea  of  blasting  records  kept  at  a  Pennsylvania  quarry — Ck>n. 

BLAST  12. 


Labor  and  material. 


Labor: 

Contract  drilling — 

837  fMt,  at  43  cents $141.54 

l.e06fMt,at40cents 643.20 

DrUmig  by  company,  512  fMt 25.00 


Cleaning  holes 

Handling  powder  and  loading  holes . 


Sapplies: 

Nitrostarch  blasting  powder-^ 

5,060  pounds,  35per  cent,  at  9|  cents  per  iKmnd . , 
15.000  pounds,  40  per  cent,  at  10  cents  per  pound . 
1,660  pounds,  60  per  cent,  at  11  cents  per  pound. . 


90,6fr-foot 

90,804oot 

40,10Q'foot 

Connecting  wire  and  tape. 


Labor: 

Air  drilling. 
Blasting... 


Total,  primary  blast 

Secondary  Uatting. 


Sapplies: 

Dynamite,  900  pounds,  40  per  cent , 


Fuses,  1,700  tset 

Detonators,  200  pieces. 


Total,  secondary  blasting. 
Onod  total 


Itemired  cost. 


Amount. 


1800.74 

3.80 

82.33 


4S4.80 

1,50).  00 

181.50 


3.75 

5.63 

13.80 

1.15 


31.40 
144.50 


Cost  in 

cents  per 

ton. 


1.13 
.01 
.04 


.68 

2.21 

.25 


.01 
.02 


Total  cost. 


Amount. 


1845.87 


2,256.30 


.04 
.20 


90.00 


5.44 
1.40 


.13 


.01 


24.33 


3,126.50 


174.90 

90.00 

6.84 


Cost  in 

cents  per 

ton. 


1.18 


8.14 


.03 


4.36 


271,74 


3,896.24 


.24 
.13 
.01 


.88 


4.78 


OBVERAL  DATA. 

Holes  drilled,  20. 

Feet  drilled  by  contract,  1,045  feet  in  477  hours,  4.06  feet  per  hour. 

Feet  drilled  by  company,  512  feet  in  100  hours,  5.12  feet  per  hour. 

Rock  blasted,  71,872  gross  tons. 

Tons  per  pound  of  ezplosiye,  primary  blast,  8.18. 

Blast  made  August  23, 1015. 

Drilling  done  by  oontraot,  79  per  cent;  by  company,  21  per  cent. 

BLAST  14. 


lAbor  and  material. 


Primary  Uatt. 
Labor: 

Drilling  by  company,  1,850  feet 

Cleaning  holes 

Handling  powder  and  loading  holes . 


Supplies: 

Nitrostarch  powder— 

4j600pounds,  60  per  cent,  at  11  cents  per  pound. . 
10,00(1  pounds,  30  per  cent,  at  9|  cents  per  pound , 


Cordeau,  5  spools.. 
Detonators,  1  piece . 


Total,  primary  blast , 


Itemized  cost. 


Amount. 


$137.01 

5.40 

24.99 


485.00 
920.00 


114.66 
.12 


Cost  In 

cent^  per 

ton. 


0.31 
.01 
.06 


1.13 
2.10 


26 


Total  cost. 


Amount. 


S168.80 


1,415.00 


114.78 


1,098.06 


Cost  in 

cents  per 

ten. 


0.38 


3.23 


26 


3.87 


104 


BOCK  QUARRYINa  FOR  CEMENT  MANUFACTUEE. 


Table  14.— Examples  of  blasting  records  kept  at  a  PennsylvarUa  quarrp—Con. 

BLAST  14 — Continued. 


Itemised  cost. 

Total  cost. 

Labor  and  material. 

Amount. 

CkMtin 

cents  per 

ton. 

0.06 
.» 

Amount. 

Cost  in 

cents  per 

ton. 

Seeondari  blattinff. 
Labor: 

AirdrilUne 

124.00 
127.03 

S151.03 

80.  eo 

10.80 

BlasUne 

0  M 

Supplies: 

Dynamite,  800  pounds,  40  per  cent,  at  10.08  cents  per  pound . . 

80.  eo 

.18 

18 

Fuse.  2.300  feet 

8.35 
2.54 

.02 
.01 

Detonfitora.  300  nieoes 

OS 

Total,  secondarr  blast ...t --t 

242.61 

.55 

Grand  total r  -  -  - 

- 

1,940.00 

4.42 

OSHBRAL  DATA. 

Holes  drilled,  15. 

Feet  drilled,  1,850. 

Drilling  time,  284  hours. 

Feet  per  hour,  6.51. 

Rock  blasted,  43,045  gross  tons. 

Tons  per  pound  of  explosive,  primary  blast,  8.08. 

Blast  made  Febnuuy  1, 1016. 

DriUing  done  by  company,  100  per  cent. 

A  noteworthy  feature  of  the  records  is  the  information  they  con- 
vey regarding  drilling  costs.  As  noted  in  the  general  data  for  blast 
11,  all  the  drilling  for  that  blast  was  done  by  contract.  The  cost  of 
drilling  was  1.62  cents  per  gross  ton  of  rock  obtained.  For  blast  12» 
when  79  per  cent  of  the  drilling  was  done  by  contract  and  21  per  cent 
by  the  quarry  company,  the  cost  was  reduced  to  1.18  cents  per  ton. 
For  blast  14,  in  which  all  drilling  was  done  by  the  company,  the  cost 
per  ton  was  only  0.81  cents. 

Similar  comparisons  may  be  made  of  the  number  of  feet  drilled 
per  hour  by  each  method,  the  effect  on  costs  of  the  use  of  cordeau  in 
blast  14  as  compared  with  the  use  of  electric  detonators  in  blasts  11 
and  12,  and  of  other  factors. 

The  chief  purpose  of  such  records  is  to  provide  the  operator  with 
information  for  intelligently  comparing  methods  and  determining 
which  give  the  best  results. 

A  complete  blasting  record  should  include  not  only  a  statement  of 
labor  and  supplies  for  drilling  and  loading,  but  also  a  description  of 
the  blast,  indicating  number,  depth,  and  arrangement  of  drill  holes, 
and  amount  of  explosive  in  each.  The  following  record  of  a  blast  in 
a  limestone  quarry  is  given  as  an  example.  The  form  of  the  report 
may  be  modified  to  suit  the  quarry  conditions.  With  such  records 
before  him,  the  quarry  operator  may  deduce  valuable  information 
regarding  the  type  of  explosive  and  size  of  charge  that  does  the  best 
work,  and  the  most  efficient  burden  and  spacing  of  drill  holes. 
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SAFETY  IN  BLASTING. 

Manufacturers  of  explosives  are  familiar  with  the  dangers  in- 
volved in  handling  or  storing  them,  consequently  strict  observance  of 
the  printed  directions  that  accompany  boxes  of  explosives  is  essential 
for  safety. 

Various  safety  precautions  particularly  applicable  to  limestone 
and  cement-rock  quarrying  have  been  mentioned  incidentally  in  the 
preceding  pages.  All  men  in  charge  of  the  handling  or  care  of  explo- 
sives at  quarries  should  be  familiar  with  the  various  publications'  of 
the  Bureau  of  Mines  relating  to  safety  in  blasting.  Constant  vigi- 
lance is  the  price  of  safety  in  blasting,  and  all  quarry  operators 
should  insist  on  shot  firers  being  thoroughly  familiar  with  all  im- 
portant safety  rules  and  adhering  strictly  to  them. 

HINIIIO  BOCK  FOB  CEMENT  MANITPACTITBE. 

EXTENT  OF  MINING. 

Limestone  and  shale  are  usually  worked  by  open-pit  methods. 
However,  in  several  places  conditions  are  such  as  to  justify  under- 
ground working,  which  is  herein  termed  mining  to  distinguish  it 
from  open-pit  quarrying.  Mining  of  raw  materials  for  cement 
manufacture  has  been  observed  by  the  writer  near  Ironton,  Ohio; 
Superior,  Ohio;  Independence,  Mo.;  Hannibal,  Mo.;  Wampum,  Pa.; 
Manheim,  W.  Va. ;  Richard  City,  Tenn. ;  and  Oglesby,  111. 

ADVANTAQES  OF  MINING  BOGX. 

Where  the  rock  sought  has  little  or  no  overburden  open-pit  quarry- 
ing is  imquestionably  cheaper  than  any  mining  method.  As  the 
depth  of  overburden  increases,  however,  the  cost  of  stripping  in- 
creases proportionally,  until  a  point  is  reached  where  mining  would 
be  cheaper  if  conditions  are  such  that  it  can  be  substituted  for  the 
open-pit  method.  The  greatest  advantage  of  mining  over  open-pit 
quarrying  is  that  the  cost  of  stripping  is  saved.  This  saving  is  off- 
set by  the  increase  in  cost  of  getting  out  the  rock,  and  the  quarryman 
must  carefully  balance  these  two  factors  in  order  to  determine  which 
method  will  be  the  cheaper. 

A  second  advantage  of  mining  is  that  the  workmen  are  protected 
from  inclement  weather,  and  no  time  need  be  lost  through  adverse 
weather  conditions,  as  in  open-pit  quarrying.  As  rain  or  snow  can 
not  enter  the  mine,  the  rock  is  dry  except  for  underground  water  and 
condensation  from  the  mine  air. 

•  See  Munroe,  C.  E.,  and  Hall,  Clarence,  A  primer  on  exploslTes  for  metal  mines  and 
quarrymen :  Bull.  80,  Bureau  of  Mines,  1915,  126  pp. ;  Hall,  Clarence,  and  Howell,  S.  P., 
Magaslnea  and  thaw  houses  for  explosives :  Tech.  Paper  18,  Bureau  of  Mines,  1912,  S4 
pp.;  Bowles,  Oliver,  Safety  in  stone  quarrying:  Tech.  Paper  111,  Bureau  of  Mines,  1915, 
48  pp. 
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Another  advantage  is  that  beds  deep  enough  to  be  worked  by  min- 
ing usually  have  no  pockets  or  seams  of  clay,  therefore  soil  does  not 
get  mixed  with  the  rock. 

DISADVANTAGES  OF  MINIKG  BOCK. 

One  disadvantage  in  mining  rock  is  the  high  operating  cost  per 
ton  of  rock  obtained.  Drilling  and  blasting  costs  are  higher  than 
in  open-cut  work,  and  are  becoming  relatively  higher  each  year,  be- 
cause the  cheaper  method  of  deep-hole  blasting,  now  in  general  use  in 
quarries,  can  not  be  applied  in  mines.  In  mines  the  rock  must  usually 
be  loaded  by  hand,  although  in  rare  instances  power  shovels  may  be 
employed.  Thus  in  most  mines  loading  is  more  expensive  than  in 
open-pit  quarries.  The  high  operating  cost  is  further  increased  by 
the  expense  for  lighting  and  ventilation.  Also,  the  men  are  subject 
to  dangers  from  falls  of  rock  from  the  roof.  The  extent  of  this  dan- 
ger depends  on  the  nature  of  the  roof  and  the  care  that  it  receives. 

CONDITIONS  FAVOBING  BOCK  MINING. 

In  open-pit  quarrying  only  a  limited  thickness  of  overburden  can 
be  economically  removed.  Where  the  overburden  is  so  thick  that 
open-pit  methods  would  be  unprofitable,  the  deposit  must  be  worked 
by  some  method  of  mining  or  else  remain  unused.  In  order  that 
mining  may  be  safe  and  practicable  certain  favorable  conditions  must 
be  present.  The  most  important  consideration  is  the  character  of  the 
material  that  will  form  the  roof.  In  general,  the  expense  of  timber- 
ing in  limestone  or  shale  would  be  so  high  that  mining  could  not  be 
conducted  profitably.  Consequently  the  roof  should  be  strong  enough 
to  require  no  support  other  than  pillars,  and  the  rock  that  overlies 
the  serviceable  stone  should  be  strong  and  soimd. 

Shafts  have  been  observed  at  some  rock  mines,  but  entries  are  more 
common,  for  they  permit  cheaper  removal  of  the  rock.  Beds  that  lie 
approximately  flat  are  the  most  desirable  for  mining,  as  most  rock 
breaks  more  smoothly  parallel  with  the  bedding,  and  a  smooth,  nearly 
level  floor  simplifies  transportation  problems. 

METHODS  OF  BOCK  MINING. 
DEFINITION  OF  TERMS  EMPLOYED. 

In  describing  mining  operations  it  is  necessary  to  use  terms  that 
are  not  employed  in  connection  with  open-pit  operations.  Some  of 
the  more  common  technical  terms  used  in  mining  rock  for  cement 
manufacture  are  defined  in  the  following  paragraphs. 

Mine. — The  term  mine  as  used  herein  is  applied  to  underground 
workings.    It  is  used  in  contrast  with  the  "  open-pit "  quarry. 


108 


ROCK   QUARRYING  FOR  CEMENT  MANUFACTURE. 


Roof. — The  roof  is  the  undisturbed  rock  that  overlies  the  workings. 

Erdry, — ^An  entry  is  an  approximately  horizontal  passage  through 
which  access  is  gained  to  the  mine  and  through  which  the  rock  is 
taken. 

Shaft. — The  term  shaft  is  employed  where  the  opening  to  the  mine 
is  vertical  or  steeply  inclined. 

Drift. — The  term  "  drift "  as  used  herein  refers  to  a  chamber  or 
room. 

Breast. — The  breast  is  the  working  face  at  the  end  of  a  drift. 

Bench. — The  breast  is  usually  worked  in  successive  steps,  each  of 
which  is  termed  a  bench. 

Pioneer  bench. — The  pioneer  bench  is  the  first  bench  that  is  blasted. 
It  is  usually  the  bench  nearest  the  roof  of  the  drift. 

Crosscut. — A  crosscut  is  a  passage  connecting  contiguous  drifts. 

MINING  SYSTEMS. 

Limestone  and  shale  mines  are  usually  worked  on  a  plan  somewhat 
resembling  the  "  room-and-pillar "  system,  and  consist  of  a  main 


3^ 


FiouBB  18. — ^Plan  of  workings  in  West  Virginia  limestone  mine :  a.  Main  entry ;  h,  drift 

neck  ;  c,  drift ;  d,  breast ;  e,  crosscuts. 

entry  and  a  series  of  parallel  drifts,  or  chambers,  connected  by  cross- 
cuts. Supplementary  air  passages  may  be  necessary  to  insure  ade- 
quate ventilation. 

In  some  mines  crosscuts  are  driven  at  such  intervals  that  pillars 
about  20  feet  square  are  left  to  support  the  roof.  The  drifts  vary 
from  80  to  60  feet  in  width,  depending  on  the  strength  of  the  roof. 
Thirty-five  feet  is  the  maximum  height  of  drifts  observed  by  the 
writer. 

In  a  West  Virginia  mine  the  workings  at  the  time  of  the  writer's 
visit  consisted  of  10  parallel  drifts,  each  45  feet  wide  and  26  feet 
high,  the  pillars  being  about  80  feet  thick.  The  rock  mined  is  over- 
lain with  sound  limestone  20  feet  thick,  which  makes  a  secure  roof. 

In  opening  a  new  drift,  a  neck  is  turned  off  the  entry  and  the  drift 

is  worked  both  to  right  and  left,  parallel  with  the  entry,  as  shown  in 

figure  18.  This  method  provides  for  a  lar^e  number  of  working 
places.    At  the  time  of  visiting  this  quarry,  mining  was  carried  on  at 
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16  breasts.  Crosscuts  for  access  from  one  drift  to  another  and  for 
ventilation  are  driven  every  100  to  150  feet.  The  position  of  the 
crosscuts  is  governed  to  some  extent  by  the  position  of  open  vertical 
cross  joints;  for,  wherever  possible,  a  joint  plane  is  utilized  to  form 
one  wall  of  the  crosscut,  as  such  a  joint  facilitates  blasting. 

At  this  mine  the  beds  dip  17  feet  in  each  100  feet.  The  direction  of 
the  drifts  with  reference  to  the  dip  is  important.  The  relative  direc- 
tion of  dip,  strike,  and 
drift   are   illustrated   in  ^ 

figure  19.  The  drift, 
although  nearly  parallel 
with*  the  strike,  runs  up 
the  dip  at  a  low  angle 
from  the  entry.  This 
arrangement  has  two 
distinct  advantages — 
gravity  drainage  and 
easy  haulage  for  loaded 
cars.  The  lateral  dip  in 
the  drifts  has  certain  dis- 
advantages, as  the  work 
of  drillmg  holes  and 
loading  the  rock  is  some- 
what mor^  difficult  than 
on  a  level  floor.  More- 
over, all  tracks  must  be  graded  to  a  level  bed,  and  this  requires  con- 
siderable labor.  A  vertical  cross  section  of  the  drift  workings  is 
shown  in  figure  20. 

In  an  Illinois  limestone  mine  the  pillars  at  one  side  of  the  main 
entry  are  opposite  the  rooms,  or  chambers,  at  the  other  side.  It  is 
claimed  that  when  the  pillars  are  staggered  in  this  way  the  roof  holds 
much  better.  _ 

en  c 

FiouBB  20. — Vertical  cross  section,  of  drifts :  a.  Drift ;  "b,  track ;  c,  pillar ;  d,  roof. 

The  dimensions  of  the  main  entry,  crosscuts,  air  course,  and  cham- 
bers in  a  Tennessee  shale  mine  are  given  in  a  previous  paragi'aph. 
On  account  of  the  weakness  of  the  shale  the  pillars  between  the  cham- 
bers are  50  to  75  feet  wide. 

SHAFT    MINES. 

Limestone  mines  with  shafts  are  rare.  The  only  one  of  this  type 
observed  by  the  writer  is  in  sonthcM-n  Ohio,  where  a  bed  of  very  pur-^ 


Figure  19. — Direction  of  drift  with  reference  to  dip 
and  strike,  In  a  West  Virginia  limestone  mine: 
a.  Dip ;  b^  strike ;  c^  drift ;  d,  entry. 
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limestone  is  worked  through  a  shaft  over  600  feet  deep.  The  rock  is 
mined  by  the  room-and-pillar  system  and  is  hoisted  to  the  surface. 
A  current  of  air  downcast  by  fans  through  a  second  shaft  provides 
the  necessary  ventilation. 


DRIFT    MINES. 


The  more  common  method  of  opening  a  limestone  mine  is  by  hori- 
zontal entry.  Some  mines  have  a  single  entry  from  which  various 
drifts  or  chambers  are  turned  off;  in  others  access  may  be  had  through 
a  series  of  entries.    Transportation  of  rock  is  easier  through  a  level 

or  slightly  sloping  drift 


(y.'/%(^ 


than  through  a  shaft 
Also,  where  the  under- 
ground workings  are 
reached  by  approximately 
level  entries,  drainage  is 
usually  simplified  and-  is 
commonly  by  gravity. 

METHODS  OF  DRIVING  DRIFTS. 

The  usual  method  of 
working  the  breast  in 
drifts  is  to  blast  out  a 
pioneer  bench,  the  top  of 
which  is  at  or  near  the 
roof  level,  and  then  shoot 
down  the  rest  of  the  breast 
in  one  or  more  following 
benches.  Details  of  meth- 
^^ vVm  ?i-m«*'*^  °'  ^""^^^""l  ^""^t}"^  *  T^^    ods  of  driving  drifts  ob- 

Virginia  Umeatone  mine:  a?,  V  or  core;  y,  shoul-  ,  ®. 

ders;  z,  sides;  a,  blast  holes  for  12-foot  bench;    served    m    variOUS    places 

Lvli?  Sr :'";.  tarhoiieVr^rnX'^^on:   ^re  given  in  the  following 

paragraphs : 

In  a  limestone  mine  near  Manheim',  W.  Va.,  the  drifts  are  45  feet 
wide  and  26  feet  high.  The  pioneer  bench  is  14  feet  high  and  extends 
the  full  width  of  the  drift;  the  underlying  rock  is  removed  in  one 
12-foot  bench.  The  pioneer  bench  is  blasted  as  shown  in  figure  21. 
A  V-shaped  mass,  or  '^  core ''  as  it  is  locally  termed,  is  first  blasted  out 
as  shown  at  x;  the  shoulders  y  are  next  shot  out,  and  then  the  sides  3. 
The  12-foot  bench  is  blasted  with  a  single  row  of  vertical  holes,  a, 
spaced  6  feet  apart  and  with  10- foot  burden.  A  bedding  seam  at  the 
floor  makes  it  possible  to  blast  this  bench  without  the  aid  of  ^^snake- 
hole  "  shots.    The  order  of  blasts  is  as  follows :  The  vertical  bench 
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holes  a  and  the  two  sets  of  horizontal  holes  h  on  the  shoulders  are 
fired  simultaneously;  later  the  side  holes  c  and  the  core  holes  d  are 
fired  simultaneously.  There  is  an  open  bedding  seam  at  the  roof, 
and  another  8  to  11  inches  below  the  roof  level.  Separation  takes 
place  more  easily  along  the  latter  than  along  the  former.  Also,  this 
second  seam  acts  as  a  cushion  and  prevents  shattering  of  the  roof  by 
the  shots.  As  a  result  the  pioneer  blasts  breaks  the  bed  at  this  seam, 
leaving  the  band  of  rock  8  to  11  inches  thick  attached  to  the  roof. 
However,  to  leave  this  thin  band  up  would  b«  unsafe,  therefore  it  is 
drilled  with  a  stoping  machine  (vertical  drill)  and  shot  down  with 
very  light  charges.  The  roof  is  then  very  safe,  as  it  consists  of  a  bed 
of  sound  limestone  20  feet  thick,  having  very  widely  spaced  vertical 
seams. 

Formerly  the  bench  at  the  quarry  floor  was  made  the  pioneer 
bench,  and  the  upper  part  was  shot  down  later.  It  is  said  that  the 
method  gave  good  results 
in  blasting,  but  involved 
dangers  from  roof  falls; 
also,  the  expense  for  clean- 
ing the  roof  was  high. 

In  one  eastern  Missouri 
quarry,  mining  was  prac- 
ticed a  number  of  years 
ago  but  was  later  aban- 
doned. The  drifts  were 
45  feet  wide  and  80  feet 
high.  The  pioneer  bench 
was  8  to  10  feet  in  height, 
and  the  underlying  rock 
was  removed  as  a  single  bench  by  a  blast  in  vertical  drill  holes.  The 
shale  floor  provided  a  smooth  parting  and  made  removal  of  the  entire 
bench  possible  without  the  aid  of  "  snake  holes."  The  pioneer  bench 
and  the  second  bench  were  blasted  simultaneously,  the  former  being 
kept  one  step  ahead  of  the  latter. 

In  a  western  Missouri  mine,  the  drifts  are  45  to  60  feet  wide  and 
35  feet  high  and  are  worked  in  four  benches.  The  pioneer  bench  is 
8  feet^high  and  is  advanced  horizontally  W  to  12  feet  with  each  suc- 
cessive blast.  The  other  three  benches  are  8,  9,  and  10  feet,  respec- 
tively, in  height,  as  shown  in  figure  22.  Blasts  a  and  h  are  fired  at 
one  time,  and  blasts  c  and  d  at  one  time.  The  drill  holes  for  the 
pioneer  bench  are  arranged  in  three  groups  as  designated  by  a,  6,  and 
(?,  figure  23.  The  charges  consist  of  "40  per  cent"  dynamite  and 
are  fired  by  means  of  fuses  attached  to  detonators.  The  fuses  for 
the  holes  a  (fig.  23)  are  shorter  than  those  for  the  holes  &,  and  the 
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FionsB  22. — Method  of  blasting  face  in  drift  in  a 
limestone  mine  in  western  Missouri.  Vertical 
section  lenerthwise  of  drift  is  shown,  a.  Blast 
holes  for  pioneer  bench;  "b,  o,  and  <f«  holes  for 
second,   Ihird,   and   fourth   benches. 
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latter  are  shorter  than  those  for  the  holes  (?.  As  a  result,  the  blasts 
in  holes  a  are  fired  first  and  force  out  the  central  V-shaped  mass;  fol- 
lowing this  the  blasts  in  holes  h  remove  the  shoulders,  and  finally, 
the  blasts  in  holes  c  throw  down  the  side  masses.    Each  succeeding 

bench  is  shattered  by  a  blast  in  a  single 
row  of  vertical  holes,  as  shown  at  &,  (?,  and 
d^  figure  22. 

The  holes  for  the  blasts  a  (fig.  23), 
which  force  out  the  V-shaped  central  mass, 
are  known  as  the  "cut  holes."  To  be 
effective,  blasts  in  the  cut  holes  should  be 
as  nearly  simultaneous  as  possible.  When 
fuse  is  used  each  pair  of  holes  should  so 
nearly  meet  at  the  bottom  that  the  first 
charge  to  detonate  will  detonate  the  charge 
in  the  adjacent  hole  and  thus  insure  almost 
simultaneous  action.  Shots  when  fired 
with  electric  detonators  are  more  nearly 
simultaneous  and  more  effective  than  with 
fuse. 

The  blasts  on  the  pioneer  bench  leave  a 
mass  of  rock  about  1  foot  thick  at  the  roof. 
Originally  this  band  was  left  up,  but  later 
was  f oimd  to  be  unsafe  because  a  thin  layer 
of  shale  separated  it  from  the  next  overlying  bed.  Of  late  years  it 
has  all  been  removed  and  the  roof  is  now  in  very  safe  condition. 

A  unique  method  of  drift  mining  is  practiced  in  a  limestone  mine 
in  southern  Ohio.  The  bed  of  serviceable  stone,  which  is  only  8  feet 
thick,  is  overlain  with  a  thick  bed  of  sandstone,  and  underlain  with  8 
inches  of  soft  blue  shale,  as  is 
shown  in  figure  24.  The  limestone 
is  undercut  in  the  blue  shale  with 
a  coal-cutting  machine,  which  cuts 
the  shale  rapidly,  and  is  then 
blasted.  The  sandstone  makes  a 
strong  roof. 

In  another  limestone  mine  in 
southern  Ohio  the  drifts  are  15  feet 
wide  and  about  22  feet  high.  The 
rock  is  mined  in  three  benches,  the 
pioneer  bench  being  10  feet  high,  the  middle  bench  9  feet,  and  the 
lower  one  3  feet.  The  arrangement  of  drill  holes  is  shown  in  figure 
25.  For  the  pioneer  bench  there  are  three  series  of  holes,  a,  6,  and  c. 
The  holes  a  are  7^,  h  6^,  and  c  5^  feet  deep.    The  9-foot  bench  is 


Figure  23. — Plan  arrangement 
of  blast  holes  In  pioneer 
bench:  a,  h,  and  c  are  rows 
of  drill  holes. 
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Figure  24. — Beds  in  limestone  mine  in 
southern  Ohio:  a.  Sandstone  roof;  b« 
8-foot  limestone  bed ;  o,  soft  blue  shale, 
8  Inches ;  d^  floor. 
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blasted  with  the  four  vertical  drill  holes  rf,  and  the  8-foot  lower 
bench  with  the  four  "  drift "  or  ^'snake  "  holes  e.  The  five  sets  of 
shots  are  fired  in  consecutive  order  at  one  operation  by  means  of  elec- 
tric detonators. 

In  blasting  the  pioneer  bench  it  is  obvious  that  success  can  be  at- 
tained only  when  the  three  series  of  shots,  a,  6,  and  c,  follow  each 
other  in  order,  for  the  shots  a  must  remove  the  central  V-shaped 
mass  before  the  shots  h  can  throw  the  shoulders  in,  and  the  shoul- 
ders must  be  removed  before  the  shots  c  can  effectively  throw  down 
the  sides.  Consecutive  shots  are  fired  in  some  quarries  by  means  of 
fuses  of  different  lengths.  However,  in  this  quarry  delay-action 
electric  detonators  are  used.  In  a  detonator  of  this  type  -a  short 
piece  of  fuse  is  ignited  by  the  electric  current,  and  the  cap  is  fired 
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FiocBE  26. — Method  of  blasting  face  of  drift  in  limestone  mine  in   southern   Ohio: 
a,  b,  and  o,  three  sets  of  blast  holes  for  pioneer  bench ;  d,  holes  for  second  bench ; 
e,  holes  for  third  bench. 

by  the  fuse.  The  period  of  delay  is  governed  by  the  length  of  the 
fuse.  The  charges  a,  d^  and  e  are  fired  by  instantaneous  detonators, 
charges  6  by  "  first  delay,"  and  charges  c  by  "  second  delay "  deto- 
nators. 

In  an  Illinois  limestone  mine  the  drifts  ate  21  feet  high  and  20  to 
40  feet  wide,  depending  on  the  strength  of  the  roof.  The  limestone 
is  removed  in  three  benches  of  7  feet  each.  Contrary  to  conditions 
in  most  mines,  the  middle  bench  is  chosen  for  the  pioneer  bench. 
At  the  bottom  of  this  bench  is  a  clay  seam  which  makes  a  plane  of 
easy  separation  from  the  lower  bench.  A  side  view  of  the  drift  is 
shown  in  figure  26.  The  pioneer  bench  a  is  removed  by  three  rounds 
of  shots  in  horizontal  holes,  throwing  out  first  a  central  core,  then 
the  shoulders,  and  finally  the  sides,  as  in  the  methods  described  in 

45723'— 18 8 
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Figure  26. — Method  of  blasting  face  of  drift  in 
Illinois  limestone  mine :  a.  Pioneer  bench,  b« 
upper  bench ;  o,  lower  bench ;  dotted  lines  rep- 
resent drill  holes. 


preceding  paragraphs.    The  upper  and  lower  benches  are  then  shot 
down  with  blasts  in  the  vertical  drill  holes  6  and  c. 

The  rock  is  loaded  with  electric  shovels  and  compressed-air  shovels, 
and  is  conveyed  to  the  crusher  with  electric  trolleys. 

In  a  shale  mine  in  Tennessee,  operated  in  connection  with  an  open- 
pit  limestone  quarry,  the  main  entry,  the  air  course,  the  drift  necks, 

and  the  crosscuts  are  8  by  8 
feet.  The  drifts,  or  cham- 
bers, from  which  most  of 
the  production  is  obtained 
are  20  feet  wide  and  16 
feet  high.  The  rock  in  the 
chambers  is  shot  down  with 
three  rows  of  holes,  the 
bottom  row  having  eight 
holes  and  the  middle  and 
upper  rows  three  holes 
each.  For  the  8  by  8  foot 
work  the  lower  row  consists 
of  four  holes,  and  the  up- 
per rows  of  two  holes  each.  The  shattered  rock  at  the  walls  is 
cleaned  down  with  picks.  Timbering  is  necessary,  as  the  shale  roof 
is  weak  and  insecure. 

STOPING  FOR  LIMESTONE. 

What  is  known  as  a  "  shrinkage  stoping  "  method  was  at  one  time 
employed  in  an  eastern  Missouri  limestone  mine.  The  rock  was 
blasted  down  by  overhand 
stoping,  the  working  space 
being  kept  open  by  drawing 
off  part  of  the  broken  rock 
from  an  opening  beneath. 
The  serviceable  limestone 
in  this  mine  is  35  feet  thick, 
and  is  underlain  with  shale. 
A    preliminary     drift,    or 

*'  heading  "   was  run   in  the   ^'^^^*  27. — Method  of  "  shrinkage  stoping "  for- 

11  11  1  ^       nierly  employed  In  a  limestone  mine  in  eastern 

shale;   both   walls  and   roof       Missouri:  a.  Heading;   Ji,  mine  car;  c,  chute; 

were  timbered;  at  suitable  ^'  ''^^p^'  "'  umestone;  r,  shaie. 
intervals  raises  or  chutes  were  started  in  the  roof  of  the  heading  and 
these  enlarged  into  stopes,  the  walls  of  the  stope  diverging  upward 
as  shown  in  figure  27.  Each  stope  was  about  50  feet  wide  at  the  top 
and  150  feet  long.  The  stopes  were  separated  by  "  stop  pillars,"  or 
masses  of  solid  rock,  to  prevent  loose  rock  from  falling  from  one 
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stope  into  another.  The  broken  rock  was  drawn  off,  as  desired,  into 
cars  through  chutes  in  the  timbered  roof  of  the  heading.  The  origi- 
nal intent  was  that  branch  headings  should  be  made  and  a  number 
of  stopes  worked  simultaneously;  but  before  this  stage  was  reached 
the  method  was  abandoned.  The  plan  was,  however,  scarcely  carried 
far  enough  for  a  fair  test.  The  method  probably  would  be  more  suc- 
cessful when  employed  in  a  limestone  bed  more  than  35  feet  thick,  as 
a  larger  tonnage  of  rock  would  be  obtained  for  a  given  expense  of 
driving  and  timbering  a  heading. 

GLOBY-HOLE  METHOD  OF  QUABBYINQ. 

Thp  so-called  "glory-hole"  method  has  been  employed  to  some 
extent  in  mountainous  regions,  particularly  in  West  Virginia  and 
Washington.  A  tunnel  is  driven  into  the  ledge  near  its  base  at  a 
point  conveniently  situated  for  transporting  the  rock  to  mill  or  rail- 
way. At  the  inner  end  of  the  tunnel  a  large  chamber  is  blasted  and 
is  used  as  a  storage  bin  for  the  rock  to  be  removed  from  above.  A 
slightly  inclined  shaft  is  then  driven  up  to  the  surface.  The  rock 
is  quarried  around  this  opening  in  a  circle  of  ever-increasing  size,  the 
hole  assuming  the  shape  of  a  funnel.  At  the  bottom  of  the  shaft 
the  flow  of  rock  into  the  chamber  is  regulated  by  segmental  gates. 
The  method  resembles  somewhat  the  stoping  method  described  in 
the  preceding  paragraphs,  except  that  the  workings  are  open  to 
the  surface.  In  one  quarry  the  lower  opening  is  directly  adjacent 
to  and  above  the  crusher  house  and  the  quarried  stone  drops  through 
a  slightly  inclined  chute  into  hoppers,  which  feed  the  crusher  di- 
rectly. The  glory-hole  method  of  quarrying  was  first  developed  in 
Germany.  Its  chief  advantage  is  that  gravity  does  the  work  of  a 
steam  shovel. 

CABE  OF  THE  MINE  BOOF. 

The  amount  of  attention  that  should  be  given  to  a  mine  roof  de- 
pends greatly  on  the  nature  of  the  rock  that  constitutes  it.  A  thin 
bed  of  rock  with  a  distinct  plane  of  separation  between  it  and  the 
overlying  bed  makes  an  extremely  dangerous  roof.  In  one  Missouri 
mine  a  man  was  killed  a  few  years  ago  by  a  fall  of  rock  from  such 
a  roof.  In  a  limestone  mine  with  a  sandstone  roof  the  presence  of 
masses  of  limestone  clinging  to  the  roof  is  dangerous,  as  there  is 
usually  a  plane  of  easy  separation  between  the  two  types  of  rock. 
Bedding  planes  or  joints  in  close  proximity  tend  to  weaken  the 
roof,  and  careful  attention  should  be  given  to  discover  signs  of 
weakness,  and  all  loose  scale  should  be  promptly  removed. 

Some  companies  have  a  systematic  examination  of  the  roof  made 
at  specified  times.  In  a  West  Virginia  mine  a  derrick  mounted  on 
a  truck  is  employed  for  this  purpose.   The  derrick  is  of  light,  though 
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strong,  construction  and  is  so  designed  that  it  may  be  lowered  to 
pass  under  electric  wires.  Working  from  positions  at  the  top  of 
this  derrick  one  or  two  men  sound  the  roof  and  bar  down  all  loose 
scale. 

In  one  Tennessee  mine  the  shale  roof  requires  timbering  to  render 
it  safe. 

Where  the  mine  entrance  is  in  a  steep  hiUside  material  dislodged 
from  above  may  be  a  source  of  danger  at  the  entrance.  A  note- 
worthy safety  device  observed  by  the  writer  is  a  timber  roof  extend- 
ing from  the  face  of  the  hill  to  a  point  15  or  20  feet  outside  the 
main  entry.  Its  purpose  is  to  prevent  falling  debris  from  injuring 
workmen  as  they  enter  or  leave  the  mine. 

BOCK  LOADING  IN  MINES. 

Power  shovels  operated  by  compressed  air  are  in  use  in  mines  near 
Independence,  Mo.,  Oglesby,  111.,  and  Lowmoor,  Va.  In  the  former 
locality  two  shovels  of  the  tractor  type  are  employed  to  load  roc^ 
into  side-dump  cars  of  4-ton  capacity. 

In  most  limestone  mines  the  breast  is  too  small  and  work  con- 
ducted in  too  many  places  to  make  power-shovel  loading  practicable. 
Hand  loading  is,  therefore,  the  common  method  in  such  mines. 
Where  the  drift  is  wide,  as  at  Manheim,  W.  Va.,  cars  are  placed  on 
two  tracks,  one  near  each  side  of  the  drift.  With  every  convenience 
provided,  hand  loading  is  usually  less  efficient  than  power-shovel 
work,  and  this  factor  has  a  distinct  bearing  on  the  high  cost  of  rock- 
mining  operations. 

To  insure  the  greatest  degree  of  safety,  benches  should  not  be 
cleaned  at  the  same  time  as  loading.  When  for  any  reason  hand  load- 
ing is  temporarily  suspended  this  interval  should  be  employed  for 
bench  cleaning. 

BOCK  TBANSFOBTATION  IN  MINES. 

In  the  shaft  mine  in  Ohio  referred  to  previously,  cars  of  3J-ton 
capacity  are  hauled  to  the  main  hoist  with  mules.  The  cars  are  then 
run  into  the  cage  and  hoisted  to  the  surface.  Mule  haulage  is  also 
employed  in  mines  having  horizontal  entries.  In  one  mine  substitu- 
tion of  storage-battery  locomotives  for  mules  is  contemplated- 

An  electric  motor  is  employed  for  haulage  in  a  southern  Ohio  mine. 
As  the  drifts  are  in  places  less  than  6  feet  in  height,  an  objectioin  to 
the  use  of  a. trolley  is  the  danger  of  contact  with  trolley  wires  where 
there  is  not  sufficient  head  room. 

In  one  Missouri  quarry,  the  loaded  cars  are  hauled  by  horses  to 
the  main  haulage  way  and  brought  to  the  mine  entrance  by  locomo- 
tive.   At  the  present  stage  of  mining,  the  drifts  are  short,  and 
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surface  openings  at  several  points  provide  adequate  ventilation,  even 
where  steam  locomotives  are  employed. 

In  a  West  Virginia  mine  gasoline  locomotives  are  used.  Three 
locomotives  are  employed,  two  being  in  active  service  and  one  held 
in  reserve.  The  chief  objection  to  their  use  is  that  they  may  be  easily 
deranged  and  thus  render  unreliable  service.  Those  who  operate 
or  contemplate  operating  gasoline  locomotives  in  a  mine  should  care- 
fully consult  the  various  published  articles  on  this  subject.*  Effi- 
ciency and  safety  in  the  use  of  gasoline  locomotives  depend  on  the 
proper  choice  of  a  machine  and  on  careful  observance  of  the  rules 
governing  its  operation. 

BOCK  T&ANSFOBTATION  PBOM  MINES  TO  CEMENT  PLANTS. 

At  shaft  mines  the  loaded  cars  may  be  run  directly  from  the  hoist- 
^g  OBLge  to  the  plant  by  cable  haulage,  if  the  distance  is  short. 
Where  electric  motors,  ga3oline  locomotives,  or  steam  locomotives 
are  employed  in  th,e  mine  drifts,  it  is  customary  to  haul  the  cars  to 
the  crusher  by  the  same  means.  An  aerial  tramway  is  in  operation 
at  one  Pennsylvania  mine.  Where  the  crusher  is  situated  some  dis- 
tance from  the  plant,  the  crushed  stone  may  be  brought  to  the  plant 
with  cable  cars.  In  one  mine  the  mine  cars  are  run  out  on  a  trestle 
and  are  diunped  into  a  storage  bin,  from  which  the  rock  is  drawn 
off  into  hopper-bottom  cars  of  10  to  12  ton  capacity.  The  latter  are 
conducted  to  the  plant  down  a  steep  incline  by  cable.  In  a  West 
Virginia  mine  the  entry  is  near  the  top  of  a  high  and  rugged  river 
bluff,  and  all  rock  is  transported  by  cable  cars  down  a  steep  incline 
many  feet  in  length. 

BOCS;  LOADING. 

METHODS  EMPLOYED. 

After  the  rock  has  been  stripped,  drilled,  and  blasted  the  next  step 
is  to  load  the  broken  fragments  ready  for  transportation  to  the 
crushers.  As  previously  stated,  two  methods  of  loading  are  in  com- 
mon use,  hand  loading  and  steam-shovel  loading.  In  about  five- 
eighths  of  the  open-pit  limestone  and  cement-rock  quarries  visited, 
steam  shovels  are  employed,  and  in  three-eighths  of  them  the  rock  is 
loaded  by  hand.  Of  the  nine  limestone  or  shale  mines  visited,  power- 
shovel  loading  is  employed  in  three,  and  hand  loading  in  six. 

•See  Hood,  O.  P.,  and  Kudllch,  R.  H.,  QaBollne  mine  locomotiveB  in  reiation  to  safety 
and  health:  Bull.  74,  Bureau  of  Mines,  1915,  83  pp.;  also  Hood,  O.  P.,  Gasoline  locomo- 
tWea  in  relation  to  the  health  of  miners :  Am.  Inst.  Min.  Eng.,  Bull.  94,  October,  1914, 
pp.  2607-2611,  and  discussion.  Am.  Inst.  Min.  Eng.,  Bull.  100,  April,  1915,  pp.  892-894. 
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HAND  LOADING. 

In  the  hand-loading  method  two  men  are  usually  employed  at  each 
car  to  pick  up  the  pieces  of  rock  and  throw  them  into  the  car.  Blast- 
ing is  so  conducted  as  to  reduce  the  blocks  to  small  size,  any  further 
breaking  necessary  being  done  by  sledging.  The  fine  material  is 
thrown  into  the  cars  by  means  of  specially  constructed  forks. 

•  ADVANTAGES  OF  HAND  LOADING. 

When  rock  is  loaded  by  hand  it  may  be  sorted  and  carefully  classi- 
fied. Where  bands  of  dolomite  occur  in  the  rock  ledge  the  fragments 
of  dolomite  may  be  thrown  to  one  side  and  thus  the  magnesium  con- 
tent may  be  kept  to  a  minimum.  Where  flint  bands  occur  the  flinty 
masses  may  also  be  thrown  aside.  Where  the  rock  contains  pockets 
or  seams  of  clay  that  can  not  be  easily  removed  prior  to  blasting,  the 
clay  can  be  separated  from  the  rock  during  the  loading.  Accumu- 
lations of  earth  or  inferior  rock  may  be  loaded  into  cars  and  removed 
to  the  dump. 

The  greatest  advantage  claimed  for  the  hand-loading  method  is 
that  it  allows  great  freedom  in  selecting  rock  from  various  parts  of 
the  quarry.  Usually  hand  loading  is  carried  on  at  numerous  points 
simultaneously.  If  the  rock  is  of  variable  composition,  cars  are 
tagged  in  such  a  manner  as  to  indicate  the  place  where  they  were 
loaded,  and  thus  the  approximate  composition  of  the  rock  in  each 
car  is  known.  The  chemist  may  then  designate  the  order  of  dumping 
the  cars  and  the  number  of  cars  of  each  kind  required  to  give  the  best 
mixture. 

Hand  loading  has  a  decided  advantage  where  a  limited  amount  of 
capital  is  available,  for  the  loading  equipment  is  not  costly. 

DISADVANTAGES  OF  HAND  LOADING. 

Breaking  rock  into  small  fragments  requires  an  excessive  amount  of 
blasting.  Thus,  the  drilling  and  explosives  costs  are  relatively  high 
where  hand  loading  is  employed.  Hand  sledging,  which  is  employed 
to  supplement  blasting,  is  a  slow  and  costly  method  of  breaking  rock. 
Moreover,  hand  loading  requires  many  more  laborers  than  are  re- 
quired for  steam-shovel  work  for  a  given  output  of  rock.  This  is 
an  important  consideration  at  times  when  labor  is  scarce  and  wages 
high. 

STEAM-SHOVEL  LOADING. 

Steam  shovels  have  replaced  hand  loading  in  a  majority  of  open- 
pit  quarries  where  rock  is  obtained  for  cement  manufacture.  The 
shovels  are  of  various  types  and  sizes.  Many  60  to  100  ton  shovels, 
designed  to  operate  on  tracks  and  having  IJ  to  4  yard  dippera,  have 
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been  observed  by  the  writer.  Others  are  of  the  tractor  type,  that 
require  no  tracks.  They  are  smaller  than  those  which  operate  on 
tracks,  having  dippers  of  J  to  If  yards  capacity.  Tractors  give  the 
best  service  where  the  quarry  floor  is  firm  and  smooth.  If  the  quarry 
floor  is  parallel  with  the  bedding  and  coincident  with  an  open  bed- 
ding plane,  a  smooth  floor  is  easily  maintained  and  is  therefore  fav- 
orable for  tractor-shovel  operation  or  for  laying  tracks.  If  the 
floor  is  shale  or  other  soft  rock,  the  tractor  wheels  may  require  plank 
supports.    For  any  type  of  shovel  a  smooth  floor  is  desirable. 

A  steam-shovel  gang  consists  of  one  runner,  one  craneman,  one 
fireman,  and  three  to  six  pit  men.  Some  of  the  smaller  tractor 
shovels  require  no  craneman.  The  first  cost  of  a  steam  shovel  is 
high,  but  with  proper  care  the  cost  of  maintenance  is  not  excessive. 

The  amount  of  material  handled  by  a  steam  shovel  per  day  varies 
widely,  as  it  depends  on  efficiency  of  operation,  the  conditions  of  the 
rock  mass,  time  required  to  spot  cars,  and  other  factors.  Tractor 
shovels  are  capable  of  handling  400  to  700  tons  of  rock  per  day,  while 
the  larger  types,  with  4-yard  dippers,  may  attain  a  maximum  of 
1,400  to  1,600  tons.  A  fair  average  for  one  of  the  larger  types  work- 
ing in  limestone  is  600  to  1,000  tons  per.  day. 

ADVANTAGES  OF  STEAM-SIIOX'EL  LOADING. 

A  steam  shovel  can  load  blocks  of  considerable  size,  hence  blast- 
ing costs  are  relatively  lower  than  for  hand  loading.  Moreover,  the 
slow  and  laborious  hand  sledging  is  unnecessary. 

A  second  advantage  is  the  rapidity  with  which  material  may  be 
handled.  One  quarryman  reports  that  a  small  steam  shovel  in  his 
quarry  loaded  57  6-yard  cars  of  limestone  in  five  hours.  Coupled 
with  rapidity  of  loading  is  the  fact  that  only  a  small  gang  of  men  is 
required  for  a  steam  shovel,  whereas  a  large  gang  of  hand  loaders 
would  be  required  to  handle  the  same  amount  of  material.  This  ad- 
vantage is  most  keenly  felt  when  wages  are  high  and  labor  is  scarce. 

DISADVANTAGES  OF  STEAM-SHOVEL  LOADING. 

When  rock  is  loaded  by  hand  it  is  usually  obtained  from  many 
parts  of  the  face  simultaneously.  The  steam  shovel,  however,  loads 
for  a  considerable  time  from  one  position.  This  is  the  chief  objec- 
tion to  the  use  of  steam  shovels  in  quarries  of  variable  rock,  as  it 
does  not  permit  sufficient  mixing  of  the  rock  from  the  various  parts 
of  the  face. 

A  second  disadvantage  is  the  inability  of  the  steam  shovel  to  sort 
the  material  that  it  loads.  If  clay  is  thrown  down  with  the  rock 
it  must  be  loaded  with  the  rock.  If  bands  of  dolomite  or  flint  occur 
in  the  ledge,  in  general  such  material  must  be  loaded  with  the  good 
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rock,  although  with  careful  manipulation  it  may  be  possible  to  set 
the  larger  undesirable  masses  to  one  side. 

When  the  sum  available  for  investment  in  equipment  is  small,  the. 
high  first  cost  of  a  steam  shovel  may  be  an  objection  to  its  intro- 
duction. 

DESIRABILITY  OF  CHANGING  FROM  HAND  METHODS  TO  STEAM -SHOVEL 

LOADING. 

At  the  time  of  writing,  labor  is  one  of  the  most  difficult  problems 
with  which  quarry  operators  are  confronted,  especially  in  Northern 
States.  Consequently,  any  equipment  designed  to  give  efficient  serv- 
ice with  a  minimum  of  man  power  appeals  directly  to  the  quarry 
operator's  needs.  Therefore,  a  comparison  of  the  work  accomplished 
per  man  by  each  method  is  desirable. 

Figures  obtained  from  14  quarries  where  steam  shovels  are  used 
indicate  an  average  daily  tonnage  of  about  112  tons  of  rock  loaded 
per  man.  The  men  represented  in  this  determination  are  pit  men 
and  steam-shovel  men  only.  For  11  quarries  where  hand  loading  is 
employed,  the  average  daily  tonnage  per  man,  loaders  only,  is  16. 
This  indicates  that  about  seven  times  as  much  rock  can  be  loaded 
per  man  with  steam  shovels  as  can  be  done  by  hand.  The  cost  of 
labor  for  hand  loading  by  contract  is  10  to  12  cents  per  ton,  whereas 
the  operating  cost  of  steam-shovel  loading,  not  including  repairs  or 
upkeep,  is  4  to  6  cents  per  ton. 

Neither  the  cost  of  loading  nor  the  number  of  tons  loaded  per 
man  daily  are  alone  a  measure  of  the  relative  efficiency  of  the  two 
methods,  for  other  factors  enter  into  the  problem.  The  blasting 
costs  are  higher  for  hand  loading  than  for  steam-shovel  work,  be- 
cause the  rock  must  be  broken  into  smaller  pieces.  On  the  other 
hand,  the  cost  of  crushing  hand-loaded  material  will  obviously  be 
lower  than  that  of  crushing  the  massive  fragments  loaded  with 
steam  shovels.  Hence,  we  may  assume  that  these  two  factors,  namely, 
the  higher  cost  of  explosives  for  hand  loading  and  the  higher  cost 
of  crushing  for  steam-shovel  loading,  will  balance  each  other,  al- 
though the  former  figure  is  probably  the  higher  of  the  two. 

There  must  also  be  added  to  the  cost  of  operating  a  steam-shovel 
the  interest  on  the  first  cost  of  the  equipment,  a  depreciation  charge, 
and  the  expense  of  maintenance.  It  is  evident  that,  even  with  the 
addition  of  these  items,  steam-shovel  loading  under  normal  condi- 
tions is  cheaper  than  hand  loading. 

SOLUTION  OF  DIFFICULTIES  IN  CHANGING  FROM  HAND  LOADING  TO  STEAM- 
SHOVEL  LOADING. 

It  has  been  shown  in  the  preceding  paragraph  that,  in  general, 
the  use  of  steam  shovels  has  decided  advantages  over  the  hand-load- 
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ing  method.  .Hence,  any  possible  solution  of  the  chief  difficulties 
in  introducing  steam  shovels  where  hand  loading  is  now  practiced 
is  to  be  desired. 

Sufficient  capital  to  purchase  a  steam  shovel  is,  of  course,  a  pre- 
requisite condition. 

In  some  quarries  work  is  conducted  on  such  a  small  scale  that 
a  steam-shovel  equipment  would  be  deemed  unprofitable.  The 
small  tractor  shovel  is  well  adapted  for  small  quarries.  In  general, 
quarrying  can  not  be  done  as  cheaply  on  a  small  scale  as  on  a  large 
scale,  and  it  is  doubtful  whether  cement  could  be  manufactured 
profitably  on  a  scale  so  small  that  the  necessary  rock  could  not 
be  handled  to  advantage  with  a  steam  shovel,  provided  the  bulk  of 
the  material  is  obtained  from  a  single  quarry. 

In  several  quarries  the  overburden  is  shot  down  and  loaded  with 
the  rock.  Where  the  overburden  varies  greatly  in  thickness  from 
point  to  point,  a  proper  mix  may  be  obtained  by  loading  at  various 
points  simultaneously.  In  small  quarries  requiring  only  one  steam 
shovel  this  is  difficult  if  not  impossible  to  do,  consequently  an  ex- 
cess of  soil  may  be  loaded  at  one  time  and  a  deficiency  at  another 
time.  One  quarry  in  Kansas  overcame  this  difficulty  by  stripping 
all  the  soil  off  with  one  steam  shovel,  loading  practically  pure  rock 
with  another  shovel,  and  mixing  the  clay  and  the  rock  proportion- 
ally after  crushing.  Another  solution  of  the  difficulty  is  to  have 
a  large  storage  bin  in  which  the  raw  materials  may  be  distributed 
uniformly  and  thus  equalize  any  irregularities  in  loading. 

Similarly,  the  presence  of  clay-filled  seams  or  pockets  is  made  an 
occasion  for  resort  to  hand  loading,  because  of  the  inability  of  the 
steam  shovel  to  sort  the  material  properly.  Hand  loading  of  such 
material  is  a  slow  and  costly  process,  and  the  quarryman  is  justified 
in  adopting  any  reasonable  expedient  to  make  the  steam-shovel 
method  practical.  The  use  of  a  clam-shell  bucket  on  a  derrick  arm 
has  been  suggested  as  a  means  of  removing  clay  from  large  pockets. 
If  the  material  can  be  used  as  a  cement  constituent,  the  use  of  a  large 
storage  bin,  a3  previously  mentioned,  will  tend  to  equalize  the  pro- 
portion of  rock  and  clay.  If  the  content  of  the  seams  and  pockets 
is  undesirable,  it  may  be  possible  to  remove  such  material  by  install- 
ing washing  equipment  in  the  screens.  The  removal  of  sticky  clay 
by  washing  would  be  difficult  or  impossible,  but  usually  such  clay 
tnjBLj  be  used  as  one  of  the  cement  constituents  and  need  not  be 
removed. 

The  chief  objection  to  the  use  of  a  steam  shovel  in  quarries  having 
rock  of  variable  quality  is  the  difficulty  of  obtaining  a  uniform  and 
properly  proportioned  mixture.  As  a  rule,  the  rock  is  fairly  con- 
stant in  a  given  bed,  the  greater  variations  occurring  in  passing  from 
one  bed  to  another.    Many  quarrymen  deem  it  necessary  to  blast  and 


122  BOCK   QUARRYING  FOR  CEMENT  MANUFACTURE. 

load  the  rock  from  the  various  beds  separately  and  later  mix  it  in 
definite  proportions.  However,  the  writer  believes  that  in  either 
flat  lying  or  inclined  beds  an  approximately  uniform  mixture  may 
be  obtained  by  developing  a  high  face  and  shooting  it  down  as  a 
single  bench. 

In  some  deposits  when  a  high  face  is  shot  down  as  a  single  bench 
the  rock  along  the  face  varies  considerably  in  chemical  composition. 
In  one  Pennsylvania  quarry  of  this  type  the  steam  shovel,  by  means 
of  a  special  arrangement  of  tracks,  loads  at  various  points  succes- 
sively and  thus  supplies  any  desired  rock  mixture.  Ordinarily  a 
steam  shovel  works  in  cuts  paralleling  the  quarry  face,  but  in  this 
quarry  the  main  track  parallels  the  face,  and  a  series  of  branch  lines 
meet  the  face  perpendicularly,  as  shown  in  figure  28.  When  a  suffi- 
cient amount  of  rock  has  been  loaded  from  one  branch  line  the  steam 
shovel  is  moved  to  the  main  line  and  shifted  to  another  branch,  an 
operation  that  requires  only  a  short  period  of  time.  '  The  branch 
lines  are  so  arranged  that  cars  may  be  loaded  on  the  branch  adjacent 

to  the  one  from  which  the 
steam  shovel  is  working. 

In  another  quarry  the 
tracks  are  similarly  ar- 
ranged to  avoid  loss  of 
time  in  secondary  blast- 
ing.   When   large   blocks 

Figure  28. — Track  arrangement  suitable  for  quar-     impede  steam-shovel  WOrk, 
rles  with  high  face:  a.  Main  line;  5,  branch  lines;     xu^u        i'i>      ijaat. 

c,  quarry  face.  *"^  shovel  IS  backed  to  the 

main  line  and  shifted  to 
another  branch,  where  loading  is  resumed  with  the  loss  of  a  few 
minutes  only.  By  this  method  the  shovel  is  not  kept  idle  while 
rock  masses  are  being  drilled  and  blasted,  but  additional  service  in 
spotting  cars  is  required.  In  ordinary  steam-shovel  practice,  a 
train  of  cars  may  be  loaded  in  rapid  succession,  whereas  with  the 
method  described  above,  loaded  cars  must  be  switched  to  the  main 
line  and  empties  returned  to  the  branch  singly,  a  procedure  which 
consumes  much  time. 

As  mentioned  in  a  preceding  paragraph,  the  problem  of  obtaining 
a  uniform  mixture  is  greatly  simplified  by  having  ample  storage 
room  for  raw  rock,  and  by  distributing  the  rock  uniformly  in  the 
storage  bin. 

Another  difficult  in  changing  from  hand  loading  to  steam- 
shovel  loading  is  the  necessity  for  modifying  the  car  equipment  to 
suit  the  more  strenuous  requirements.  Hand  loading  is  ordinarily 
easy  on  cars  and  small  cars  are  adequate.  When  a  steam  shovel  is 
used  larger  and  stronger  cars  are  necessary.  When  a  steam  shovel  is 
introduced  it  is  probable  that  the  purchase  of  new  car  equipment 
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would  be  more  satisfactory  than  any  attempt  to  enlarge  or  otherwise 
remodel  old  cars. 

EFFICIENCY   IN   STEAM-SHOVEL   OPERATION. 

• 

In  changing  from  hand  loading  to  steam-shovel  loading,  the  small 
crusher  and  the  small  cars  commonly  used  in  conjunction  with  hand 
loading  may  make  the  purchase  of  a  small  steam  shovel  seem  advisable. 
Also,  if  the  rock  varies  in  composition  in  different  parts  of  the  quarry 
it  may  be  deemed  wise  to  employ  two  or  more  small  shovels  in  prefer- 
ence to  one  large  one.  In  some  instances  the  use  of  small  shovels  may 
be  justified,  but  the  operator  should,  wherever  possible,  employ  shovels 
of  at  least  95-ton  burden.  Eock  loading  is  rough  and  heavy  work,  and 
repair  bills  for  small  shovels  may  be  excessive.  The  employment  of 
large  strong  shovels  involves  little  expense  for  repairs  or  replacements. 
Moreover,  the  use  of  small  shovels  increases  the  costs  of  secondary 
blasting,  as  the  rock  must  be  broken  smaller  than  for  large  shovels. 

In  order  to  utilize  the  loading  capacity  of  a  steam  shovel  to  its 
full  extent,  certain  conditions  must  be  met.  The  chief  conditions  on 
which  successful  operation  depends  are  discussed  in  the  following 
paragraphs. 

The  steam  shovel  should  be  kept  in  good  repair  and  should  be  op- 
erated by  a  skilled  runner.  An  unskilled  runner  will  delay  the  en- 
tire process  of  loading  and  transportation. 

Rapidity  of  loading  depends  largely  on  successful  blasting. 
Thorough  shattering  of  the  rock  is  essential,  ^f  the  shovel  is  repeat- 
edly delayed  while  large  rock  masses  are  being  blasted  the  rate  of 
loading  will  be  slow. 

Each  cut  made  with  the  shovel  should  be  of  the  maximum  width 
it  is  capable  of  handling  properly.  With  each  advance  of  the  shovel 
much  time  is  consumed  in  moving  and  laying  tracks;  hence  it  is 
desirable  to  load  a  maximum  amount  of  material  from  each  position. 
When  a  narrow  cut  is  made  the  quantity  of  rock  obtained  for  each 
advance  is  smaller-  than  with  a  full  cut ;  consequently  time  is  sacri- 
ficed. The  same  argument  may  be  advanced  with  reference  to  the 
thickness  of  the  mass  of  shattered  rock  to  be  loaded.  Where  the 
mass  is  thin  a  small  amount  of  stone  is  obtained  for  each  move. 
Moreover,  the  dipper  is  filled  more  easily  where  a  heavy  burden  pro- 
vides effective  resistance. 

Transportation  facilities  have  a  direct  bearing  on  the  rate  of 
loading.  An  insufficient  number  of  cars  greatly  retards  the  rate. 
An  instance  has  been  observed  where  a  shovel  was  idle  a  large  part 
of  the  time  waiting  for  empty  cars.  Similar  delays  may  be  caused 
by  unskilled  handling  of  cars.  Haulage  should,  if  possible,  be  so 
conducted  that  a  train  of  empties  is  ready  to  be  placed  immediately 
after  the  loaded  cars  are  removed. 
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Undue  loss  of  time  may  be  caused  by  having  to  move  the  shovel 
when  a  train  is  partly  loaded.  If  conditions  are  such  that  empty 
cars  are  not  available  immediately  after  the  departure  of  a  loaded 
train,  the  quarry  operator  should  aim  to  so  regulate  the  number  of 
cars  in  the  trains  that  one  or  more  complete  trainloads  may  be 
obtained  from  one  position  of  the  shovel.  Tracks  may  then  be  moved 
and  the  shovel  advanced  during  the  interval  when  no  empty  cars  are 
available. 

The  rate  of  loading  is  influenceid  to  some  extent  by  the  type  of 
crusher  employed.  The  crusher  should  be  large  enough  to  take  any 
size  of  block  that  the  steam  shovel  can  conveniently  load.  Too  small 
a  crusher  not  only  delays  the  steam  shovel  by  its  inability  to  crush 
the  rock  as  fast  as  it  is  loaded,  but  places  on  the  shovel  the  addi- 
tional work  of  setting  aside  for  secondary  blasting  and  subsequent 
loading  many  blocks  that  could  readily  be  handled  by  a  larger 
crusher. 

BOCK  TKANSPOBTATION. 

USE  OF  THB  TEBM. 

The  subject  of  rock  transportation  involves  consideration  of  the 
means  of  removal  of  the  rock  from  the  quarry  face  to  the  cement 
plant.    It  includes  the  handling  of  loaded  cars  and  empties. 

QUABJIY  CABS. 
TYPES  OF  QUARRY  CARS. 

Quarry  cars  should  be  designated  to  suit  the  nature  of  the  work 
required  of  them.  For  hand  loading,  they  need  not  have  a  capacity 
of  more  than  2  or  3  tons.  They  should  be  low  in  order  to 
make  loading  easy.  For  steam-shovel  work,  larger  and  stronger  cars 
are  required.  Cars  of  5  to  10  ton  capacity  are  commonly  used,  a 
maxinmm  of  18  tons  having  been  noted.  A  steam  shovel  handles 
many  large  and  heavy  blocks,  and  the  cars  must  be  substantially 
built  to  withstand  the  rough  usage  they  receive  in  loading  and  un- 
loading. One  company  uses  metal  cars  of  5  or  6  ton  capacity, 
mounted  on  two  flexible  trucks  each  having  four  small  wheels. 

When  steam  shovels  are  introduced  to  take  the  place  of  hand  load- 
ing, it  is  usually  necessary  to  change  the  car  equipment,  as  the  cars 
commonly  employed  in  hand  loading  are  too  small  to  give  efficient 
service  with  a  steam  shovel.  One  company  found  that  cars  enlarged 
to  increase  their  capacity  were  so  weak  that  repair  bills  became  exces- 
sive. It  is  probably  better  to  purchase  new  cars  of  suitable  size  and 
strength  than  to  attempt  remodeling  of  old  cars.  Standard  hopper- 
bottom  railway  cars  are  employed  in  some  quarries,  though  cars  of 
<5maller  size  are  usually  employed. 
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Various  methods  of  unloading  have  been  observed.  Side-dump 
cars,  the  body  of  the  car  rotating  on  a  pivot  or  rocking  on  a  semi- 
circular bar,  are  the  most  common.  A  car  with  one  open  side  is  an  un- 
usual type  observed  in  one  locality.  It  is  so  designed  that  the  load  is 
dumped  when  the  car  reaches  a  portion  of  the  track  that  has  one  rail 
elevated.  In  several  quarries  the  loaded  car  is  placed  in  a  revolving 
cage  and  the  rock  is  dumped  by  a  complete  revolution  of  the  cage. 
Cars  that  dump  at  the  front  by  depression  of  the  front  of  the  car  or 
elevation  of  the  rear  are  also  used,  commonly  in  connection  with  a 
tipple.  At  one  Illinois  quarry,  if  the  rock  is  so  placed  in  the  car 
that  it  fails  to  overbalance,  the  rear  of  the  tipple  platform  is  raised 
by  means  of  an  air  piston.  A  type  of  car  used  in  an  eastern  Pennsyl- 
vania quarry  has  a  metal  body  fixed  rigidly  to  a  four-wheel  truck. 
The  track  just  beyond  the  crusher  slants  upward  at  an  abrupt  angle. 
When  the  car  reaches  this  point  it  is  suddenly  tilted  and  the  rock  falls 
out  at  the  rear,  which  is  open.  The  crusher  is  situated  beneath  the 
tracks.  The  car  is  simple  in  construction  and  easy  to  keep  in  repair. 
One  difficulty,  however,  is  that  frequently  blocks  too  large  to  pass 
between  the  rails  are  dumped  and  may  occasion  considerable  delay. 

An  adequate  supply  of  cars  is  important.  It  is  claimed  that  in 
many  quarries  shovels  are  not  iactually  working  40  per  cent  of  the 
time,  the  delay  being  due  to  lack  of  track  and  car  facilities.  In  one 
quarry  observed,  loading  was  done  with  a  95-ton  steam  shovel  having 
a  3i-yard  bucket,  and  only  eight  5-ton  cars  were  provided.  A  loco- 
motive hauled  4  or  5  cars  at  a  time,  when  it  could  easily  have  hauled 
8  or  10.  So  few  loaded  cars  were  in  reserve  that  when  any  delay 
occurred  in  the  quarry  the  crusher  would  be  idle  almost  immediately. 
On  the  other  hand,  if  the  crusher  was  for  any  reason  delayed,  the  lack 
of  empty  cars  caused  almost  immediate  suspension  of  loading. 

MOTIVE  POWER  FOR  CARS. 

A  gravity  system  of  haulage,  where  practicable,  is  the  cheapest  that 
can  be  employed.  If  quarry  conditions  are  such  that  movement  of 
loaded  cars  is  mainly  down  grade,  gravity  methods  may  be  used  to 
advantage.  Horses  or  mules  are  commonly  used  in  quarries  where  the 
tracks  are  level  or  nearly  so,  and  where  loading  is  by  hand.  Where 
steam  shovels  are  used  the  rock  cars  are  too  heavy  to  be  handled  with 
animals,  and  locomotives  are  generally  employed.  Locomotives  may 
be  of  the  small  type  known  as  "  dinkeys,"  or  of  standard  size.  Side- 
geared  locomotives  of  the  Shea  or  Heister  type  are  recommended  for 
use  on  heavy  grades.  The  use  of  electric  storage-battery  locomotives 
is  contemplated  in  at  least  one  rock  mine  for  underground  work,  but 
their  actual  operation  has  not  been  observed  by  the  writer.  Gaso- 
line locomotives  are  used  in  at  least  two  rock  mines  for  underground 
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transportation.  Haulage  by  electric  trolley  is  found  to  be  satisfac- 
tory and  economical  in  some  places.  The  most  serious  objection  to  the 
use  of  electric  trolleys  is  the  necessity  for  frequent  moving  of  trolley 
poles. 

A  central-control  electric  three-rail  system  has  been  lately  intro- 
duced in  a  northern  Michigan  quarry.  The  track  is  divided  into 
sections  with  an  independent  current  for  each  section,  and  thus  cars 
on  different  sections  are  subject  to  independent  control.  The  move- 
ments of  all  cars  are  controlled  from  a  central  tower.  The  system  is 
somewhat  complicated,  but  is  so  nearly  automatic  that  few  men  are 
required  to  operate  it. 

In  many  quarries  the  grades  are  so  steep  that  a  cable-and-drum 
system  must  be  used.  Power  may  be  supplied  by  steam  or  by  elec- 
tricity. 

In  one  New  York  quarry  a  cable  belt  is  driven  at  a  uniform  speed, 
and  the  cars  are  moved  along  the  track  by  clamping  them  to  this 
cable. 

INCLINED   BAILWAY. 

Where  quarries  are  situated  at  high  elevations  the  rock  may  be 
brought  down  on  inclined  railways.  If  a  car  is  attached  to  each  end 
of  the  cable,  an  empty  car  ascending  while  the  loaded  car  descends, 
the  loaded  car  supplies  all  the  power  necessary.  Where  this  system 
is  employed  a  powerful  and  reliable  brake  is  necessary  if  accidents 
are  to  be  avoided. 

In  most  quarries  rock  is  obtained  at  a  level  much  lower  than  the 
crusher  platform,  and  the  loaded  cars  have  to  be  pulled  up  an  inclined 
track.  Under  such  conditions,  some  type  of  power  hoist  is  necessary. 
In  many  places  a  single  track  is  employed,  the  loaded  car  being 
hauled  up  by  a  cable,  dumped,  and  returned  under  cable  control.  The 
power  required  for  hauling  cars  may  be  greatly  reduced  by  em- 
ploying a  double-track  system  and  allowing  the  weight  of  the  empty 
descending  car  to  assist  in  elevating  the  loaded  car. 

OVERHEAD    CABLEWAT. 

The  use  of  an  overhead  cableway  supported  by  towers  has  been 
noted.  The  rock  is  loaded  into  skips  or  pans  that  are  hauled  on  cars 
to  positions  beneath  the  cable.  The  pans  are  then  hoisted  vertically, 
attached  to  the  cable,  and  conveyed  to  the  cement  plant.  There  are 
two  objections  to  this  method.  First,  the  maximum  load  that  can  be 
hoisted  is  limited  to  about  two  or  three  tons,  and  therefore  material 
can  not  be  handled  rapidly ;  second,  the  passage  of  the  loaded  pans 
across  the  quarry  at  a  great  height  involves  grave  danger  to  the  men 
from  falling  rock.  At  one  quarry  only  has  this  method  been  ob- 
served, and  its  abandonment  is  contemplated. 
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AEBIAL  TBAMWAT. 


The  aerial  tramway  is  another  type  of  cable  transportation,  which 
is  more  satisfactory  than  the  overhead  cableway.  The  following  in- 
formation concerning  an  aerial  tramway  in  operation  in  Alabama 
may  be  of  interest: 

A  3-inch  endless  steel  cable  travels  on  supports  which  keep  it  15 
to  30  feet  above  the  ground.  The  rock  is  carried  about  8,000  feet,  the 
cable  being  about  16,000  feet  long.  It  is  driven  by  a  35-horsepower 
electric  motor.  The  drivewheel,  which  is  about  8  feet  in  diameter, 
is  provided  with  automatic  clamps  which  prevent  slipping.  The 
buckets  have  a  capacity  of  about  1,000  pounds  each.  There  are  70 
buckets  on  the  cable  at  one  time,  35  full,  traveling  toward  the  cement 
plant,  and  35  empty,  returning  to  the  quarry.  When  an  empty 
bucket  reaches  the  quarry  it  is  automatically  undamped  from  the 
cable  and  is  suspended  by  the  carrying  device  from  a  single-rail 
circular  track,  along  which  it  is  easily  pulled  by  hand  to  a  position 
beneath  any  one  of  six  rock  slides  from  the  storage  bin,  where  it  is 
quickly  filled.  The  loaded  bucket  is  then  pulled  by  hand  around  the 
track  and  is  automatically  clamped  to  the  traveling  cable.  The  cable 
makes  one  complete  circuit  in  36  minutes  and  delivers  approximately 
1  ton  of  rock  per  minute  at  the  cement  plant.  The  equipment  has 
given  satisfactory  service  for  the  past  six  years. 

One  important  advantage  of  the  aerial  tramway  system,  well  illus- 
trated in  the  installation  described,  is  the  ease  of  conveying  rock 
over  hilly  ground,  thus  avoiding  excessive  cost  for  grading.  Where 
the  cable  passes  over  a  hill  the  strain  on  it  may  be  somewhat  in- 
creased, but  the  power  consumption  is  little,  if  any,  larger  than  where 
no  hill  intervenes,  for  the  buckets  descending  on  one  side  of  the  hill 
balance  those  ascending  on  the  opposite  side. 

At  one  Illinois  plant,  having  a  capacity  of  4,500  barrels  of  cement 
a  day,  all  the  rock  is  transported  across  a  river  by  aerial  tramway. 
The  method  is  satisfactory  if  the  equipment  is  closely  watched  and 
all  defects  or  weaknesses  repaired  without  delay. 

The  rock  for  a  New  York  plant  is  transported  by  aerial  tramway 
a  distance  of  1  mile  from  the  top  of  a  high  hill.  There  are  40  buckets 
on  the  line,  each  haviilg  a  capacity  of  1,300  pounds.  The  maximum 
capacity  of  the  tramway  is  about  1,500  tons  per  day  of  24  hours. 
Coal  required  at  the  quarry  is  carried  in  the  tramway  buckets  that 
would  otherwise  return  empty. 

At  another  New  York  plant  the  rock  is  conveyed  about  1,500  feet 
down  a  steep  hill  by  aerial  tramway.  The  buckets  are  of  900-pound 
capacity.  The  tramway  carries,  on  an  average,  about  400  tons  per 
day,  although  its  maximum  capacity  is  much  greater. 
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MINE  HOIST. 

Where  rock  is  obtained  from  shaft  mines  an  ordinary  mine  hoist 
is  employed.  The  loaded  cars  are  usually  hauled  by  horses  or  mules 
to  the  main  shaft,  placed  in  a  cage,  and  hoisted  to  the  surface. 

QUABJIY  TBACKAOE. 
LEVEL  OR  MODERATELY  INCLINED  TRACKS. 

Quarry  trackage  is  an  important  factor  in  rock  tranefportation. 
Efficient  rock  handling  depends  largely  on  arrangement  of  track, 
elimination  of  heavy  grades,  firm  roadbed,  and  uniform  gage.  As  a 
rule,  tracks  are  standard-gage  width,  although  narrow  gage  is  used 
in  many  places.  In  any  event,  the  gage  should  be  wide  enough  to 
insure  reasonable  stability  of  the  cars  in  rough  places. 

An  uneven  quarry  floor  may  require  much  grading,  and  makes 
tracklaying  difficult.  Tl^  problem  of  moving  and  laying  track  is 
greatly  simplified  if  the  quarry  floor  is  smooth  and  uniform.  In 
quarrying  limestone  beds  that  lie  approximately  flat,  an  open  bed- 
ding plane  at  the  quarry  floor  is  a  great  advantage,  for  it  provides 
the  smooth  floor  desired. 

The  trackage  system  must  be  modified  to  suit  conditions.  Where 
steam-shovel  loading  is  employed,  the  system  is  usually  simple,  as 
loading  is  conducted  at  only  a  limited  number  of  places  at  one  time. 
The  larger  the  quarry  the  more  complicated  will  be  the  track  layout, 
and  in  quarries  where  eight  or  more  shovels  are  used,  a  block  system 
and  tower-signal  station  may  be  employed. 

Where  rock  is  loaded  by  hand  in  large  quarries  many  working 
places  must  be  provided.  A  convenient  system  designed  for  h^nd 
loading  in  quarries  having  reasonably  high  faces  with  an  ample 
supply  of  rock  is  that  shown  in  figure  28  (p.  122).  From  a  main 
line  parallel  with  the  face  a  series  of  branch  lines  extend  to  the  face. 
One  car  is  placed  at  the  end  of  each  branch,  and  usually  two  loaders 
are  employed  at  each  car.  Loaded  cars  are  collected  by  a  locomotive 
from  various  branches  in  succession  until  enough  cars  to  form  a 
train  are  obtained.  Empty  cars  are  distributed  to  the  various 
branches  in  a  similar  way. 

For  low-faced  quarries  with  a  limited  supply  of  rock  at  each  work- 
ing place,  the  face  is  usually  very  long,  and  a  branch  to  every  working 
place  would  require  an  excessive  amount  of  trackage.  Therefore  in 
such  quarries  the  branch  tracks  usually  are  parallel  with  the  face,  as 
shown  in  figure  29.  Several  cars  are  placed  on  each  branch  and  are 
loaded  simultaneously. 

In  comparing  the  two  methods  it  may  be  pointed  out  that  where 
the  branches  parallel  the  face  and  a  number  of  cars  are  loaded  on 
each  branch,  some  inconvenience  may  result  from  partly  loaded  cars 
being  nearer  to  the  main  line  than  fully  loaded  cars.    Then  all  the 
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cars  on  the  branch  may  be  taken  to  the  main  line,  where  the  partly 
loaded  cars  are  cut  out  and  returned  to  the  branch*  Where  the 
branches  meet  the  face  perpendicularly,  conflict  of  loaded  and  empty 
or  partly  filled  cars  is  avoided.  On  the  other  hand,  as  only  one  car  is 
placed  on  each  branch,  more  switching  is  required  to  collect  a  train 
of  loaded  cars  or  to  distribute  a  train  of  empties.  Where  the  branch 
lines  parallel  the  face  and  three,  four,  or  more  cars  are  on  each 
branch,  the  collection  or  distribution  of  cars  is  a  relatively  simple 
matter. 

A  trackage  system  employed  in  an  Alabama  quarry  consists  of 
branch  lines  meeting  the  face  perpendicularly  and  connected  with  a 
circular  main  line  provided  with  a  crossover  dump.  The  cars  are 
hauled  by  mules.  Formerly  the  quarry  cars  were  hauled  up  the  in- 
cline to  the  crusher.  By  means  of  the  crossover  dump  they  are  now 
dumped  into  cable  cars  of  much  larger  capacity.  This  arrangement 
has  increased  greatly  the  haulage  capacity  of  the  cable  incline  and  has 
materially  reduced  quarry  costs  and  increased  the  output  of  rock. 


FiGURB   29. — Track   arrangrement  suitable   for  quarries  with  low   foce:   a.  Main  line; 

h,  branch  lines;  e.  quarry  face. 

Where  the  hand-loading  method  is  employed  in  quarries  worked 
on  several  levels,  the  trackage  is  more  complicated.  An  actual  ex- 
ample of  the  complexity  in  track  arrangement  that  may  occur  in  a 
quarry  worked  on  four  levels  is  shown  in  figure  30.  The  obvious  diffi- 
culty of  transportation  under  such  conditions  should  encourage  the 
adoption  of  steam-shovel  loading  and  the  working  of  fewer  benches, 
if  circumstances  would  permit  such  readjustment. 

In  many  quarries  the  cars  are  taken  from  the  quarry  by  locomotive. 
Where  the  quarry  has  a  fixed  floor  level,  this  system  may  be  perma- 
nent, but  where  the  quarry  is  gradually  deepened  the  grades  may 
become  too  steep  for  locomotives.  In  some  quarries  the  desire  to 
avoid  the  expense  of  introducing  a  cable  incline  ^stem  has  led  the 
operators  to  retain  locomotive  haulage  on  very  steep  grades.  This 
may  make  it  necessary  to  purchase  additional  locomotives,  for  the 
trains  travel  more  slowly  on  heavy  grades  and  are  made  up  of  fewer 
and  fewer  cars.  The  installation  of  a  cable  system  would  probably 
be  better  than  to  adhere  to  locomotive  haulage  on  excessively  heavy 
grades. 
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Where  there  is  sufficient  room  for  the  additional  trackage  required, 
a  system  of  back  switching  may  be  employed  to  overcome  heavy 
grades.  The  system  occupies  considerable  space  and  involves  the 
first  cost  and  maintenance  of  relatively  long  stretches  of  track,  but 
it  permits  the  handling  of  a  number  of  cars  at  a  time.  In  the  opinion 
of  some  quarrymen,  back  switching  is  preferable  to  cable  inclines. 

INCLINED  TRACKS  FOR  CABLE  CARS. 

Where  the  gradient  of  the  track  exceeds  that  on  which  locomotives 
may  be  operated  to  advantage,  a  cable-and-drum  system  of  haulage 


FiGURK  80. — Complex  trackage  Bystem  In  a  quarry  where  rock  .is  loaded  by  hand  on  four 
leyels:  a,  Upper  level;  5,  second  level;  o,  third  level;  d,  lower  leveL 

is  usually  employed.  Single  tracks  are  used  in  many  quarries.  In 
some  quarries  cars  are  operated  independently  on  two  or  more  tracks. 
In  others,  a  car  is  attached  to  each  end  of  the  cable,  one  descending 
as  the  other  ascends,  a  double  track,  being  provided,  or  a  three-rail 
track  above  the  center  switch  and  a  single  track  below. 

On  a  single  track  where  the  load  is  carried  down  grade  some  source 
of  power  is  required  to  return  the  empty  car.  By  the  three-rail  or 
double-track  system,  where  two  cars  are  operated  by  the  cable,  the 
descending  loaded  car  pulls  up  the  empty  car,  and  no  power  is  re- 
quired. Similarly,  when  transportation  is  up  the  incline,  the  descend- 
ing empty  car  helps  to  draw  up  the  loaded  car.    The  only  power  re- 
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quired  is  that  needed  to  raise  the  actual  weight  of  stone  moved, 
plus  the  amount  consumed  by  friction,  whereas  with  the  single-track 
system  the  additional  power  necessary  to  move  the  empty  car  is 
required.  A  considerable  saving  is,  consequently,  eflfected  by  utiliz- 
ing the  force  of  gravity,  but  up  to  the  present  time  few  quarry 
operators  have  taken  advantage  of  it. 

The  " ground  hog "  or  "barney  "  type  of  cable  haulage  is  employed 
in  several  quarries.  A  heavy  buffer,  mounted  on  four  wheels  and  at- 
tached to  the  cable,  operates  on  a  narrow-gage  track  situated  between 
the  railb  of  the  car  track.  At  some  distance  from  the  foot  of  the 
incline  the  narrow-gage  track  runs  into  a  depression  below  the  car- 
track  level.  When  the  cable  is  out  the  buflfer  rests  in  this  depression. 
The  loaded  cars  pass  along  the  track  over  this  excavation.  As  the 
cable  winds  on  the  drum  the  buffer  comes  up  behind  the  car  and 
pushes  it  up  the  incline.  Usually  one  car  only  is  taken  up  at  a  time. 
One  advantage  of  this  method  is  that  the  inconvenience  and  danger 
of  attaching  the  cable  to  loaded  cars  and  unhooking  it  from  empties 
is  eliminated. 

An  endless  chain  system  is  used  as  a  substitute  for  a  cable  in  some 
plac^.  Cars  are  pulled  up  the  incline  by  projections  arranged  at 
regular  intervals  on  the  chain. 

T&ANSPOBTATION  PBOM  POINTS  OUTSIDE  MAIN  QUAB&Y. 

For  most  cement  plants  a  minor  proportion  of  the  raw  materials  is 
obtained  outside  the  main  quarry.  Thus,  where  limestone  and  shale  are 
used  the  plant  is  usually  situated  near  the  limestone  quarry,  and  the 
shale  may  be  obtained  elsewhere.  Where  cement  rock  is  used,  a  small 
amount  of  high  calcium  limestone  is  commonly  shipped  from  outside 
point& 

In  some  piaoes  the  shale  quarry  has  its  own  car  tracks  and  incline, 
its  transportation  system  being  independent  of  that  maintained  at  the 
limestone  quarry. 

Where  raw  materials  are  thus  obtained  from  two  sources,  the  tracks 
and  storage  bins  should  be  so  arranged  as  to  avoid  excessive  rehan- 
dling.  A  convenient  means  of  handling  rock  brought  from  a  dis- 
tance was  noted  at  an  Oklahoma  plant.  The  rock  is  conveyed  in 
hopper-bottom  cars  and  dumped  into  a  trough  that  opens  on  a  belt 
conveyor  which  carries  it  to  storage. 

An  example  of  very  inefficient  handling  of  material  was  noted  at 
one  Pennsylvania  plant.  The  cement  rock,  which  was  quarried  close 
to  the  plant,  required  the  addition  of  a  small  amount  of  high  calcium 
limestone  brought  from  a  distance.  The  limestone  was  carried  in 
hopper-bottom  cars  to  a  trestle  above  the  quarry  pit,  which  at  this 
point  was  40  or  50  feet  deep.  It  was  dumped  into  the  pit,  loaded  into 
quarry  cars  by  hand,  and  hauled  by  mule  to  the  incline  up  which  the 
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cement-rock  cars  were  taken.  The  cars  loaded  with  limestone  were 
elevated  at  such  times  as  they  were  needed  to  maintain  the  desired 
mixtm*e.  It  would  seem  that  the  maintenance  at  a  high  level  of  a 
limestone  storage  bin  from  which  the  rock  could  be  drawn  by  gravity 
or  conveyor  would  add  greatly  to  the  efficiency  of  this  transportation 
system. 

TPYICAL  TBANSFOBTATION  SYSTEMS 
NECBSSFTT  FOR  CX)MBINATION  OF  TWO  OR  MORE  METHODS. 

In  order  to  avoid  the  extra  cost  of  rehandling  cars  an  effort  should 
be  made  to  simplify  the  transportation  system  as  much  as  possible. 
At  most  cement  plants,  however,  the  rock  must  be  elevated  from  the 
quarry  to  the  bank,  from  ground  level  to  an  elevated  crusher,  or 
brought  from  a  high  level  to  a  lower  level.  This  necessitates  the 
employment  of  cable  inclines  for  the  hills  or  trestles,  and  thus 
involves  a  combination  of  two  or  more  methods  of  transportation. 

SINGU:  METHODS  OF  TRANSPORTATION. 

In  a  few  localities  the  simplest  system  of  transportation  is  pos- 
sible, namely,  the  transfer  of  rock  from  the  quarry  face  to  the 
crusher  by  a  single  process.  Thus,  at  New  Castle,  Pa.;  Hannibal, 
Mo. ;  and  Superior,  Ohio,  the  crusher  is  on  a  hillside.  The  rock  is 
quarried  at  higher  levels  and  is  brought  to  the  crusher  directly  by 
locomotive  or  electric  trolley. 

CX>MM0N  COMBINATIONS  OF  METHODS. 

The  combination  of  methods  most  commonly  observed  is  haulage 
of  cars  in  trains  by  locomotives  to  the  incline  and  cable  control  up 
or  down  the  incline,  as  the  case  may  be.  In  many  quarries  the  cars 
are  hauled  to  the  incline  with  horses  or.  mules. 

In  five  quarries,  having  a  gentle  down  grade  from  the  face  to  the 
incline,  the  loaded  cars  are  let  down  from  the  face  to  the  foot  of  the 
incline  by  gravity.  The  empty  cars  are  usually  returned  by  horses 
or  mules.  Where  the  grade  is  light  and  the  cars  are  small  they  may 
be  pushed  to  the  face  by  the  men. 

SPECIAL  COMBINATIONS  OF  METHODS. 

In  a  deep  Pennsylvania  quarry  with  somewhat  limited  floor  space, 
loaded  cars  are  hauled  from  the  point  of  loading  to  the  incline  by 
means  of  a  cable  operated  on  a  drum  attached  to  the  steam  shovel. 
A  cable-and-drum  equipment,  operated  by  electricity,  hauls  them  up 
the  incline. 

A  gravity  method,  where  practicable,  is  the  cheapest  possible 
power  that  quarrymen  can  utilize.    A  description,  therefore,  of  two 
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systems  where  gravity  is  employed  effectively  may  be  of  value  to  the 
industry. 

In  one  Pennsylvania  quarry  the  loaded  cars  run  on  a  down  grade 
to  the  cement  plant,  where  they  are  elevated,  dumped,  and  returned 
by  gravity  on  a  trestle  which  descends  on  a  gentle  grade  to  a  point 
near  the  quarry  face.  Thus  gravity  transports  both  loaded  and 
empty  cars. 

In  a  quarry  in  western  New  Jersey  both  loaded  and  empty  cars  are 
moved  by  gravity  to  the  foot  of  the  incline.  The  trackage  system  is 
shown  in  figure  31.  The  incline  has  a  double  track,  the  empty  car  de- 
scending as  the  loaded  car  ascends.  Thus  the  weight  of  the  empty  car 
assists  in  elevating  the  loaded  car.    The  empty  cars  leave  the  incline 


FiGURB  31. — ^An  efficient  track  system  used  lYi  a  western  New  Jersey  quarry :  a.  Pit ;  h,  In- 
cllne;  o,  point  at  which  empties  are  switched  off;  d,  steep  incline  where  empties  are 
stopped  and  reversed ;  e,  steam  shovel ;  /,  foot  of  incline. 

30  or  40  feet  from  the  bottom,  at  c,  and  run  on  a  gentle  down  grade  to 
d^  where  the  track  is  elevated  abruptly.  This  elevation  stops  the  car, 
and  as  it  returns  an  automatic  switch  directs  it  to  the  track  leading 
to  the  steam  shovel,  e.  The  car  is  thus  turned  around.  It  descends 
by  gravity  to  the  steam  shovel,  where  it  is  stopped  by  placing  a  block 
on  the  rail.  When  the  car  is  loaded  the  block  is  removed  and  the 
car  again  travels  by  gravity  to  the  foot  of  the  incline,  /,  where 
the  hoist  cable  is  attached.  The  success  of  this  system  depends 
chiefly  on  getting  exactly  the  proper  grade,  which  must,  of  course, 
be  governed  by  the  ease  of  running  of  the  cars.  If  the  grade  is  too 
gentle  the  cars  may  stop,  and  if  it  is  too  steep  they  may  be  stopped 
with  difficulty  or  may  jump  the  track.    This  method  eliminates  all 
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horses,  mules,  and  dinkey  engines  from  the  quarry.  The  system  is  so 
nearly  automatic  that  little  labor  is  required.  With  a  gang  of  only 
16  men  this  quarry  can  produce  about  1,200  tons  of  rock  per  day. 

IMFOBTANT  FACTOBS  IK  SUCCESSFUL  TSANSFOBTATIOK. 

In  order  to  attain  high  efficiency  in  transportation,  the  quarryman 
should  aim  to  have  strong  cars,  an  ample  supply  of  cars,  a  simple 
haulage  system,  a  combination  of  as  few  methods  of  transportation 
as  possible,  and  should  utilize  the  force  of  gravity  wherever  practi- 
cable. 


rock  crushing, 
ihqts  of  discussion. 

Rock  crushing  is  a  process  of  manufacture  rather  than  a  quarry 
process,  consequently  no  attempt  is  made  to  discuss  it  herein  except 
insofar  as  it  influences  or  is  influenced  by  quarry  methods  or  rock 
structures.  The  features  of  special  interest  to  quarrymen  are  size 
of  crushers,  rate  of  crushing,  and  situation  of  crushing  plant  with 
respect  to  rock  transportation. 

SIZE  OF  CBirSEESS. 

The  size  of  the  crusher  should  be  governed  by  the  size  of  the  rock 
fragments  that  can  be  loaded  and  transported.  Thus,  when  hand 
loading  is  employed  the  small  fragments  obtained  may  be  easily 
handled  by  a  small  crusher.  In  most  quarries  where  the  hand-load- 
ing method  is  employed  a  gyratory  crusher  of  about  No.  9  size  is  used. 
Where  loading  is  with  steam  shovels  larger  crushers  are  desirable. 
Gyratory  crushers  of  No.  18  and  No.  21  sizes  have  been  observed 
where  steam  shovels  with  3J-yard  or  4-yard  dippers  are  employed. 

The  attempt  to  use  a  small  crusher  for  breaking  rock  loaded  with  a 
steam  shovel  is  likely  to  result  in  great  loss  of  time.  Many  blocks 
that  could  easily  be  loaded  with  the  shovel  must  be  set  aside  and 
broken  by  blasting,  because  they  are  too  large  for  the  crusher.  Also, 
if  the  crusher  is  too  small,  the  larger  pieces  may  jam  the  crusher  and 
cause  much  delay. 

At  one  quarry  where  rock  loaded  with  a  steam  shovel  was  crushed 
with  a  No.  9  gyratory  crusher,  as  much  explosive  was  used  for  sec- 
ondary as  for  primary  blasting  because  the  rock  had  to  be  broken  into 
such  small  pieces. 

The  size  of  the  crusher  required  depends  to  some  extent  on  the 
character  of  the  rock  cleavage.  Some  rocks  have  "  cubic  cleavage," 
that  is,  the  rock  tends  to  break  into  cubical  blocks.  Others  have  a 
^  slab  cleavage,"  and  tend  to  split  out  in  relatively  thin  slabs.  Thus, 
at  one  cement  rock  quarry  the  ratio  of  length  to  width  to  thickness 
of  the  average  fragment  is  5  to  8  to  1.  A  cubic  block  2^  feet  in  size  is 
approximately  of  the  same  volume  as  a  slab  5  feet  long,  8  feet  wide, 
and  1  foot  thick.  The  slab  would  pass  through  a  rectangular  opening 
only  3  square  feet  in  area,  whereas  the  cubic  block  would  require  an 
opening  more  than  6  square  feet  in  area.    Obviously,  for  crushing  a 
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given  voluine  of  stone  per  day,  a  larger  crusher  should  be  provided 
for  rock  having  cubic  than  for  rock  having  slab  cleavage.  The  fol- 
lowing comparison  of  data  may  serve  to  illustrate  the  effect  of  rock 
cleavage  on  ease  of  crushing. 

At  one  quarry  where  the  rock  has  slab  cleavage,  the  rock  was 
loaded  with  a  No.  61  Marion  steam  shovel  and  crushed  with  a  No.  9 
gyratory  crusher.  Three  men  were  employed  to  dump  the  rock 
cars  and  conduct  the  rock  into  the  crusher,  and  the  average  daily 
output  was  about  700  tons.  At  another  quarry  where  the  rock 
has  cubic  cleavage,  the  fragments  were  loaded  with  a  No.  60  Marion 
steam  shovel,  and  crushed  with  a  No.  9  gyratory,  crusher.  Four 
men  were  employed  to  force  the  rock  into  the  crusher,  and  the 
daily  output  was  about  400  tons.  It  will  be  noted  that  in  the  quarry 
where  the  rock  broke  in  cubic  blocks  a  smaller  shovel  was  used,  and 
consequently  smaller  fragments  were  loaded.  However,  notwith- 
standing this  advantage,  more  men  were  required  to  force  the  rock 
into  the  crusher,  and  a  much  smaller  daily  output  was  obtained. 

CAPACITY  OF  CBirSHEB. 

Where  steam  shovels  are  employed,  the  crusher  should  be  large 
enough  to  handle  any  blocks  that  can  be  conveniently  loaded,  and 
also  should  be  able  to  crush  with  sufficient  rapidity  to  prevent  delay 
in  loading  and  transportation.  Where  gyratory  crushers  are  used, 
slippery  clay  mixed  with  the  rock  may  greatly  decrease  the  capacity 
of  the  crusher  during  rainy  periods.  The  effect  of  clay  is  less  pro- 
nounced in  large  gyratory  crushers.  Large  rolls  provided  with 
blunt  teeth  are  used  for  crushing  at  several  plants  and  give  satisfac- 
tory service  where  the  rock  is  not  exceptionally  hard.  They  may  be 
operated  in  pairs,  the  rock  being  crushed  between  them,  or  singly, 
a  baffle  plate  being  substituted  for  the  second  roll.  They  have  the 
advantage  of  having  wide,  hopper-like  mouths  that  will  take  large- 
sized  fragments.  There  is  little  danger  of  delay  through  jamming 
of  rock  fragments  in  roll  crushers,  although  the  rock  may  arch  in 
the  hopper  if  a  large  quantity  is  dumped  in  at  one  time.  The  larger 
sizes  of  rolls  are  capable  of  crushing  rock  very  rapidly.  A  single 
roll  60  inches  in  diameter  and  84  inches  long  was  observed  working 
in  limestone  that  was  loaded  with  steam  shovels.  When  timed  by  the 
writer,  it  crushed  the  rock  to  8-inch  size  or  smaller  at  the  rate  of  11 
tons  per  minute. 

Jaw  crushers  are  preferred  by  a  number  of  quarrymen.  On  ac- 
count of  the  wide  mouth  little  labor  is  required  in  feeding  the  rock 
into  the  crusher,  also  the  cost  of  secondary  blasting  is  reduced.  At 
one  jaw  crusher  observed,  a  traveling  apron  governs  the  supply  of 
rock  and  equalizes  the  flow,  which  would  otherwise  fluctuate  greatly 
when  large  carloads  are  dumped  into  the  hopper  at  intervals. 
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DEVICES  FOB  HOVnrO  JAMMED  BLOCKS. 

Loosening  blocks  of  stone  jammed  in  a  crusher  by  using  a  bar  or 
sledge  may  delay  and  even  temporarily  suspend  quarry  production. 
Most  well-equipped  crushing  plants  are  provided  with  mechanically 
operated  hoo^s,  by  means  of  which  a  jammed  block  may  be  readily 
moved.  In  some  plants  the  hook  is  raised  with  a  rope  tackle  or  with 
some  form  of  cable  hoist.  The  pneumatic  hoist  is  probably  the 
quickest  and  most  convenient,  but  can  be  used  only  where  compressed 
air  is  readily  available. 

SmTATION  OF  CBirSHEB. 

The  method  of  transportation  is  governed  to  a  large  extent  by  the 
situation  of  the  crushing  plant.  At  a  few  quarries  the  crusher  is  so 
situated  that  little  or  no  elevation  of  stone  is  required.  At  one  New 
York  quarry  the  crusher  is  placed  on  a  hillside,  at  a  lower  level  than 
the  quarry  floor,  and  the  rock  is  discharged  at  a  still  lower  level  into 
a  storage  bin.  This  simplifies  transportation,  as  no  cable-car  incline 
is  required,  and  minimizes  power  consumption,  for  at  no  stage  is  the 
rock  raised  to  a  higher  level.  Some  such  method  should  be  followed 
wherever  possible,  but  in  most  places  the  topography  makes  eleva- 
tion of  the  rock  quarried  unavoidable. 

SAFETY  ABOTJin)  CBTTSHEBS. 

It  is  dangerous  to  work  around  crushers,  especially  those  of  the 
roll  type.  Adequate  measures  should  be  taken  to  prevent  accident  to 
workmen  barring  down  rock  in  the  crusher  hopper.  Attention  of 
operators  is  directed  to  a  safety  device  employed  in  an  Indiana  and 
a  New  York  quarry.  Each  man  who  works  close  to  the  crusher 
mouth  is  provided  with  a  leather  belt  to  which  a  rope  is  attached  at 
the  back.  The  rope  is  fastened  securely  at  the  other  end,  and  is  of 
sufficient  length  to  allow  freedom  of  action,  though  short  enough  to 
prevent  the  workman  from  falling  into  the  crusher. 

MIXING  THE  KAW  MATERIALS. 
MIZnrO  OF  BAW  MAIEBIAIS  DT  BELATION  TO  aiTABBTIHO. 


The  mixing  of  the  raw  materials  of  Portland  cement  is  a  manufac- 
turing and  not  a  quarrying  process.  However,  the  method  of  mixing 
has  a  pronounced  effect  on  the  quarry  methods  in  many  places.  So 
complete  is  this  interdependence  that  at  a  number  of  plants  the 
chemist  controls  the  quarry  method  to  a  considerable  extent.  In 
the  preceding  pages  the  saving  that  may  be  effected  by  employing 
modern  quarry  methods  has  been  emphasized.    However,  the  diffi^ 
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culty  of  getting  a  proper  and  constant  mixture  of  raw  materials  may 
impose  such  restrictions  on  the  quarry  that  these  methods  can  not  be 
used.  Consequently  the  mixing  process,  insofar  as  it  affects  quarry 
methods,  is  discussed  herein. 

niFOBTANCE  OF  HAINTAININO  A  PBOPEB  HIXTTTB£. 

Probably  no  part  of  the  process  of  manufacturing  Portland  cement 
requires  more  care  and  vigilance  than  proportioning  the  mixture  of 
raw  materials.  On  proper  mixing  depends  to  a  great  extent  the 
quality  of  the  cement  and,  therefore,  the  success  of  any  cement  manu- 
facturing enterprise.  Variations  in  chemical  composition  within 
certain  limits  are  permissible,  but  every  cement  company  finds  that 
a  certain  definite  ratio  of  principal  constituents  gives  a  superior 
cement.  Hence  every  reasonable  effort  should  be  made  to  maintain 
this  composition  as  nearly  as  possible. 

CONSTANT  AND  YABIABLE  EOCK  LEDGES. 

There  are  two  distinct  types  of  quarries — those  having  rock  of 
fairly  constant  composition  throughout  their  full  extent,  and  those 
in  which  the  rock  varies  considerably  in  composition  from  point  to 
point.  With  quarries  of  the  first  type,  the  method  of  quarrying  has 
little  or  no  influence  on  the  mixing  process,  whereas  with  those  of 
the  second  type  mixing  so  depends  on  quarrying  and  loading  that 
some  cement  manufacturers  think  that  a  proper  mixture  can  not  be 
made  without  quarrying  the  rock  selectively  from  various  parts  of 
the  excavation. 

ADVANTAGES  OT  EOCK  OF  TTNIFOBM  COKPOSITION. 

In  quarrying  rock  ledges  of  fairly  constant  composition  the  meth- 
ods used  have  not  been  subject  to  limitations  imposed  by  the  cement- 
plant  superintendents.  As  a  consequence  the  quarry  superintendents 
have  been  enabled  to  take  advantage  of  the  improved  methods  that 
have  recently  been  developed  in  many  limestone  quarries  where 
rock  is  obtained  for  concrete  aggregate  or  road  building.  Deep-hole 
blasting  and  steam-shovel  loading  have,  in  such  quarries,  largely 
replaced  blasting  in  tripod  holes  on  shallow  benches  and  loading  the 
rock  by  hand. 

DISADVANTAGES  OF  EOCK  OF  VASIABIE  COKPOSITION. 

In  most  quarries  where  the  rock  varies  considerably  in  composi- 
tion, the  plant  chemist  insists  on  a  certain  number  of  cars  of  rock 
being  taken  from  each  bench  or  each  part  of  the  face  in  definite  order. 
The  necessity  for  picking  and  choosing  the  rock  here  and  there 
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excludes  the  possibility  of  developing  a  high  face,  hurling  down  great 
quantities  of  rock  at  one  time  by  the  deep-hole  blasting  method,  and 
loading  it  with  a  steam  shovel.  Instead,  the  tripod  or  hammer  drill 
must  be  used,  the  rock  must  be  worked  in  benches,  car  tracks  mul- 
tiplied, and  the  rock  loaded  by  hand. 

A  COKPAEISON  OF  QITASSY  METHODS. 

It  has  been  found  by  careful  investigation  in  many  quarries  that 
the  quarry  costs  per  ton  of  rock  obtained  are  as  a  general  rule  much 
lower  where  the  chum  drill  and  steam  shovel  are  employed  than 
where  smaller  drills  and  hand-loading  methods  are  used.  This  is 
shown  more  clearly  by  figures  obtained  from  various  quarries.  The 
average  total  operating  or  working  cost  of  delivering  rock  to  the 
crusher — stripping  not  being  included — ^f  or  11  quarries  employing  the 
hand-loading  selective  method  was  27.4  cents  per  ton.  The  highest 
cost  was  35  cents  per  ton  and  the  lowest  18  cents.  An  average  of  the 
same  costs  for  eight  quarries  employing  steam-shovel  methods  was 
21  cents  per  ton.  The  highest  was  32  cents  per  ton  and  the  lowest 
12  cents.  As  indicated  by  these  figures,  the  costs  may  be  reduced 
about  23  per  cent  by  the  use  of  steam  shovels.  Many  cement  manu- 
facturers, either  through  lack  of  appreciation  of  the  advantages  of 
modem  methods  or  through  inability  to  devise  new  mixing  methods, 
still  adhere  to  the  old  ways  and  are  thereby  seriously  handicapped 
in  attempting  to  quarry  rock  as  cheaply  as  it  is  done  in  quarries 
having  rock  of  constant  composition. 

NEED  OF  niFBOVED  PBOGESSES  OP  MIXINO  SAW  MATEBIALS. 

Therefore,  it  is  a  matter  of  supreme  importance  to  cement  com- 
panies operating  quarries  of  variable  rock  to  determine  whether  the 
method  of  mixing  the  cement  constituents  can  be  so  modified  that 
the  quarryman  is  not  forced  to  retain  slow  and  costly  methods.  If 
such  a  change  can  be  brought  about,  quarry  costs  may  be  greatly 
reduced,  the  output  readily  increased,  and  the  chemical  work  ma- 
terially lessened.  As  a  result  of  observations  made  at  many  plants, 
the  writer  is  convinced  that  this  can  be  done.  No  new  and  untried 
methods  are  suggested,  but  simply  combinations  of  methods  now  in 
successful  operation. 

The  object  of  this  discussion  is  to  show  that  mixing  methods  and 
quarrying  methods  can  be  so  adjusted  that  the  desired  mixture  may 
be  obtained  without  sacrificing  quarry  efficiency.  In  other  words, 
the  author  has  attempted  to  point  out  methods  of  securing  and 
maintaining  a  desirable  mixture  of  cement  ingredients  from  a  quarry 
of  variable  rock,  at  the  same  time  employing  the  chum-drill  and 
steam-shovel  method  of  quarrying. 
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HIXIHO  THE  UATEBIALS  DT  THE  QITASSY. 

Instead  of  quarrying  the  rock  selectively  and  later  mixing  the 
various  types  in  definite  proportion,  it  is  suggested  that  the  rock 
ledge  be  shot  down  in  great  masses,  irrespective  of  any  incidental 
mixing  that  may  occur,  and  the  desired  mixture  obtained  by  methods 
described  in  subsequent  pages.  The  more  thoroughly  the  rock  is 
mixed  in  the  process  of  quarrying,  the  easier  can  the  proper  mixture 
be  obtained  at  later  stages.  A  number  of  quarrymen  maintain  that 
the  charge  of  explosive  in  deep  churn-drill  holes  may  be  so  adjusted 
that  the  rock  in  successive  variable  beds  may  be  mixed  with  a  fair 
degree  of  uniformity  as  it  falls  to  the  quarry  floor  after  blasting. 
Blasting  should,  therefore,  be  so  conducted  as  to  bring  about  this 
result  as  fully  as  possible. 

However,  in  many  quarries  incidental  mixing  through  blasting 
can  not  be  relied  on  to  give  even  an  approximately  uniform  mixture. 
In  several  quarries  bands  of  shale  interbedded  with  limestone  are 
shot  down  and  loaded  with  the  limestone.  If  the  shale  is  in  bands 
of  uniform  thickness  and  is  thoroughly  mixed  with  the  limestone, 
its  presence  may  not  be  detrimental;  but  in  some  places  the  shale 
bands  vary  greatly  in  thickness,  resulting  in  undesirable  fluctuations 
in  the  composition  of  the  quarry  product.  Also,  the  composition  of 
the  limestone  itself  may  vary  considerably  from  point  to  point. 

If  the  rock,  when  thrown  down  by  well-adjusted  blasts,  still  varies 
considerably  in  different  parts  of  the  quarry,  the  employment  of 
two  or  more  shovels,  each  loading  a  different  class  of  rock  and  all 
working  simultaneously,  will  tend  to  increase  the  uniformity  of  the 
product  when  all  the  carloads  are  dumped  into  the  same  bin.  This 
method  is  employed  at  Martins  Creek,  Pa.;  Earlham,  Iowa;  Dewey, 
Okla. ;  and  a  number  of  other  localities.  Two  shovels  are  commonly 
employed  at  the  same  time,  one  in  high-calcium  and  the  other  in 
low-calcium  stone.  If  the  quarry  is  too  small  to  justify  the  use  of 
more  than  one  large  shovel,  two  or  more  small  tractor  shovels  may 
give  more  satisfactory  results.  However,  it  is  believed  that  the  steps 
outlined  subsequently  will  insure  sufficient  uniformity  in  the  mixture 
even  when  a  single  shovel  is  employed.  In  one  quarry  observed  a 
single  large  shovel  was  operated  successfully  in  rock  that  varied 
from  42  to  90  per  cent  in  its  content  of  calcium  carbonate. 

HIZIHO  PBOCESSES  IN  CEHENT  PLANTS. 

THE  THBEE  PBOCESSES  EMPLOYED. 

According  to  the  methods  now  followed  in  many  plants,  the  main- 
tenance of  a  uniform  and  desirable  mixture  would  be  impossible  by 
the  method  of  quarrying  outlined  in  the  preceding  paragraphs.    To 
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clearly  understand  the  reason  for  such  limitations,  it  is  necessary 
to  review  briefly  some  of  the  methods  of  mixing  the  raw  materials. 
Three  methods  of  mixing,  the  dry,  the  semiwet,  and  the  wet,  are 
in  common  use.  The  dry  method  is  the  most  common  for  mixing 
raw  materials  obtained  from  quarries.  The  wet  method  is  used  al- 
most exclusively  in  the  manufacture  of  cement  from  marl,  the  ma- 
terial being  excavated  wet  and  kept  wet  until  the  moisture  is  driven 
out  in  the  kilns.  For  the  semiwfet  process  the  raw  materials  are  at 
first  in  a  dry  state,  but  at  some  stage  water  is  added,  the  subsequent 
steps  being  similar  to  those  of  the  wet  process. 

DBY  FBOCESSES. 
TYPICAL  EXAMPLES  OF  DRT  PROCESSES. 

Some  typical  examples  of  dry  methods  may  be  briefly  outlined. 
In  one  plant  the  limestone  is  crushed  in  a  No.  8  gyratory  crusher, 
and  all  fragments  larger  than  2-inch  are  recrushed  in  a  No.  5  crusher. 
The  rock  is  dried  and  then  passed  through  a  ball  mill,  after  which 
clay  is  added.  The  clay  is  ground,  dried,  and  added  to  the  limestone 
in  the  desired  proportion  by  weight.  The  resulting  mixture  is  pul- 
verized in  Fuller  mills.  It  is  sampled  every  hour,  and  the  proportion 
of  clay  needed  is  calculated  from  analyses  of  the  samples. 

At  another  plant  observed,  the  crushed  rock  is  conveyed  to  a 
storage  bin,  after  which  it  is  passed  through  driers  and  then  through 
hammer  mills.  Shale  is  added  and  the  mixture  is  pulverized  in 
Fuller  mills  and  is  then  ready  for  burning.  As  before,  analyses  of 
the  mixture  are  made  every  hour. 

At  a  third  plant,  the  crushed  and  dried  rock  is  passed  through  ball 
mills,  the  desired  amount  of  shale  added,  the  mixture  pulverized  in 
tube  mills,  and  then  burned. 

A  noteworthy  feature  of  the  methods  outlined,  which  is  common 
to  most  of  the  dry-mixing  methods  observed,  is  the  fact  that  the 
proportions  of  the  raw  materials  are  usually  fixed  by  analyses  of 
preceding  mixtures,  and  that  there  is  no  means  of  changing  the 
mixture  after  it  is  once  made,  except  insofar  as  a  change  in  subse- 
quent mixtures  may  affect  it.  In  other  words,  one  mixture  is 
analyzed,  and  as  a  result  of  this  analysis  a  change  is  made  in  a 
subsequent  mixture,  which  may  or  may  not  need  the  change.  If  the 
raw  materials  are  subject  to  only  slight  fluctuations  in  composition, 
the  method  gives  satisfactory  results,  but  if  marked  changes  in  com- 
position occur  an  undesirable  mixture  is  likely  to  result.  The  se- 
lective, hand-loading  method  of  quarrying  is  the  direct  outcome  of 
this  inability  of  the  plant  chemist  to  cope  with  marked  fluctuations 
in  composition  of  the  raw  materials.  In  some  plants,  mixing  has 
become  a  process  of  almost  pure  guesswork.    The  chemist  becomes 
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very  familiar  with  the  rock,  judges  its  composition  with  fair  ac- 
curacy from  its  appearance,  and  regulates  the  mixture  on  the  ba^ds 
of  this  judgment.  Needless  to  say,  the  method  demands  constant 
vigilance  and  careful  quarry  supervision. 

METHODS  OF  OVERCOMING  FLUCTUATIONS. 

One  fairly  effective  method  of  meeting  the  difficulty  is  to  run  the 
mixed  and  pulverized  material  into  a  large  storage  bin  before  it 
enters  the  kilns.  If  a  supply  sufficient  for  eight  or  nine  hours'"  run 
is  maintained  the  operator  may  compensate  for  any  undesirable 
variation.  Thus,  if  the  mixture  is  found  to  be  too  high  in  calcium, 
an  excess  of  clay  or  shale  may  be  added  for  a  time  sufficient  to  re- 
duce the  average  calcium  content  to  the  desired  point.  This  method 
can  succeed  only  where  proper  mixing  of  the  materials  may  be 
brought  about  in  the  bin. 

A  more  accurate  method  of  mixing  is  followed  by  one  Oklahoma 
plant  where  the  limestone  is  sampled  before  the  shale  is  added.  The 
limestone  is  crushed,  dried,  and  ground,  and  then  by  means  of  an 
intermittent  sampler  a  sample  is  taken  about  every  65  seconds.  All 
the  samples  for  a  given  period  of  time  are  mixed,  an  average  analysis 
obtained,  and  the  proper  proportion  of  shale  calculated  and  added 
by  weight.  As  clay  stripping  is  shot  down  and  loaded  with  the 
rock  in  the  quarry,  a  small  amount  of  shale  only  is  added.  The 
mixture  is  then  pulverized  in  tube  mills.  The  product  of  five  tube 
mills  is  all  conducted  to  a  single  bin,  from  which  it  is  distributed  to 
the  kilns.    Such  mixing  gives  greater  uniformity  to  the  product. 

THE  BEST  METHODS  OBSEBVED. 

An  admirable  method  observed  of  making  a  dry  mix  is  successfully 
used  by  a  company  in  the  Middle  West.  Blasting  in  churn-drill  holes 
and  steam-shovel  loading  are  employed.  A  clay  overburden  of  good 
quality  is  shot  down  and  loaded  with  the  rock,  and  on  this  account 
the  addition  of  shale  is  unnecessary.  The  rock  is  crushed,  dried,  and 
ground  in  a  ball  mill  to  14-mesh  size.  The  ground  material  is  then 
taken  to  storage  bins,  and  during  transit  a  continuous  sampler  takes 
a  representative  sample,  which  is  analyzed  every  8  hours.  A  record 
is  kept  of  the  rate  of  entry,  the  number  of  hours  that  rock  is  dis- 
charged into  the  bin,  and  the  average  composition  for  each  8-hour 
period.  From  this  data  a  fairly  accurate  analysis  of  the  entire  con- 
tents of  the  bin  may  be  deduced.  The  ratio  of  silica  and  alumina  to 
calcium  is  calculated  by  Newberry's  formula  that  carbonate  of 
lime=silicaX5+aluminaX2.  For  example,  if  the  estimated  analysis 
of  the  entire  bin  shows  12  per  cent  silica,  7  per  cent  alumina,  and  72 
per  cent  calcium  carbonate,  the  desired  percentage  of  calcium  car- 
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bonate  would  be  74.  As  only  72  per  cent  calcium  carbonate  is  present, 
the  contents  of  this  bin  would  be  expressed  as  —2.  Twelve  such  bins 
are  maintained,  and  each  is  designated  by  a  plus  or  minus  figure, 
which  indicates  the  excess  or  shortage  of  calcium  carbonate. 

In  drawing  off  the  material  it  is  taken  from  not  less  than  three 
bins  at  once,  and  a  combination  of  bins  is  selected  such  that  the  -f 
aud  —  quantities  will  give  a  zero  result.  The  first  run  is  sampled 
and  its  composition  approved  before  the  mixture  is  allowed  to  go  to 
the  tube  mills  for  final  grinding.  This  method  has  advantages  over 
methods  of  mixing  pure  shale  and  limestone.  In  the  latter  methods 
temporary  obstruction  of  the  flow  of  shale  or  limestone  decidedly 
affects  the  composition  of  the  mixture,  whereas  with  the  method  out- 
lined, the  contents  of  the  various  bins  differ  so  little  in  composition 
that  the  effect  of  obstructing  any  one  outlet  for  a  brief  period  would 
be  small.  For  plants  where  shale  is  mixed  with  limestone,  it  is, 
therefore,  desirable  to  add  the  shale  before  the  material  enters  the 
storage  bins. 

An  improved  type  of  bin,  having  for  its  object  more  complete 
mixing  of  the  materials,  was  observed  by  the  writer  at  an  Illinois 
plant.  Four  bins  are  provided  for  storing  rock  after  it  is  crushed, 
dried,  and  ground  to  20  mesh.  Each  bin  is  divided  into  four  parts 
by  vertical  partitions.  The  parts  are  filled  in  succession,  but  the 
material  is  drawn  off  from  all  four  simultaneously.  This  tends  to 
equalize  any  fluctuations  in  composition.  Uniformity  in  the  final 
mixture  is  further  promoted  by  having  sufficient  storage  room  at  the 
kilns  for  3  or  4  hours'  supply. 

Another  improvement  suggested  is  a  simple  device  for  proportion* 
ing  the  amount  of  material  from  each  bin.  It  consists  of  a  series  of 
sprocket-driven  conveyors,  each  having  three  speeds.  Thus,  if  ma- 
terial is  to  be  taken  from  three  bins  in  the  proportion  of  1  to  2  to  8, 
the  conveyor  for  the  first  bin  could  be  operated  at  slow  speed,  the 
second  at  intermediate,  and  the  third  at  high  speed. 

Another  company  quarrying  limestone  interbedded  with  shale 
maintains  a  two  weeks'  supply  of  rock.  The  proportions  of  shale 
and  limestone  in  the  ledge  are  such  that  if  the  entire  face  is  thrown 
down  as  a  single  bench  and  the  mass  thoroughly  mixed,  the  resulting 
mixture  has  approximately  the  proper  composition  for  cement.  The 
large  storage  bin  assists  in  obtaining  a  uniform  mixture.  The  rock 
is  drawn  from  the  storage  bin,  pulverized,  and  conducted  to  16  con- 
crete tanks.  Continuous  samples  are  taken,  the  samples  being  ana* 
lyzed  every  hour.  From  the  data  thus  obtained  the  average  analysis 
of  the  material  in  each  tank  is  determined.  The  material  is  drawn 
from  one,  two,  three,  or  a  maximum  of  four  openings  in  each  tank, 
and  a  combination  of  tanks  is  determined  that  will  give  the  desired 
mixture. 
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One  New  York  plant  maintains  six  storage  bins.  The  material  may 
be  drawn  from  each  bin  by  two  worm  feeds,  each  controlled  by  a 
3-speed  cone  pulley.  Thus  six  rates  of  removal  from  each  bin  are 
possible. 

Meade  '  suggests  that  the  raw  material,  after  it  is  passed  through 
ball  mills,  be  stored  in  tanks,  the  composition  of  the  contents  of 
each  tank  being  slightly  higher  in  lime  than  is  desired.  The  ma- 
terial is  sampled  as  it  enters  the  tank  and  an  analysis  calculated  for 
the  entire  mass.  It  is  then  an  easy  matter  to  calculate  the  small 
proportion  of  clay  or  shale  that  must  be  added  to  bring  the  mixture 
to  the  proper  composition.  At  least  three  bins  should  be  maintained 
for  the  mixture  and  one  for  shale. 

A  slight  modification  of  this  method  is  proposed  by  an  Illinois 
cement  company.  The  chemist  of  this  company  has  found  that  the 
composition  of  the  cinders  from  the  boiler  room  is  approximately 
the  same  as  of  the  shale  used  in  the  cement  mixture.  It  has  been 
proposed,  therefore,  to  run  the  mixture  a  little  higher  in  calcium 
than  is  desired  for  cement,  and  to  correct  the  mixture  by  means  of 
an  auxiliary  cinder  feed.  By  this  means  any  fluctuation  in  com- 
position could  be  corrected  immediately,  whereas  by  the  method 
used  at  the  time  of  the  writer's  visit  the  correction  was  made  about 
24  hours  after  the  defective  mixture  has  gone  by. 

THE  SEMIWET  FBOCESSw 
DESCRIPTION  OF  THE  PROCESS. 

Fluctuations  in  the  composition  of  raw  materials  may  also  be  over- 
come successfully  by  use  of  the  semiwet  process,  also  called  the  semi- 
dry  process.  Both  terms  are  misnomers,  as  the  materials  are  just 
as  wet  as  in  the  wet  process.  The  term  ^'semiwet"  implies  the 
subsequent  wetting  of  materials  originally  dry.  The  advantages 
claimed  for  the  semiwet  process  are  intimate  mixture  of  the  particles 
and  ease  of  obtaining  a  uniform  mixture  of  the  cement  constituents. 
This  latter  phase  of  the  process  will  be  considered  here.  The  process 
is  best  described  by  reference  to  a  concrete  example. 

At  an  Iowa  plant  where  the  semiwet  process  is  successfully  em- 
ployed, the  raw  materials  consist  of  limestone  and  shale.  The  lime- 
stone is  variable  in  composition,  the  calcium  carbonate  content  vary- 
ing from  72  to  92  per  cent.  The  rock  is  shot  down  by  blasts  in  chum- 
drill  holes  and  is  loaded  with  two  steam  shovels.  The  quarry  oper- 
ators aim  to  keep  one  shovel  working  in  the  high-calcium  and  the 
other  in  the  low-calcium  stone,  and  thus  equalize  the  product  to 
some  extent. 

•  Meade,  B.  K.,  Portland  cement,  2d  ed.,  1911,  p.  103, 


MIXING  THE  RAW   MATERIALS.  145 

The  rock  is  crushed  and  passed  through  a  ball  mill,  after  which 
ground  shale  and  water  are  added.  The  mixture  is  pulverized  wet. 
The  slurry,  containing  about  40  per  cent  of  water,  is  conveyed  by 
screw  feed  through  horizontal  troughs  to  storage  tanks.  Seven 
tanks  are  maintained,  each  having  a  capacity  of  about  600  barrels 
of  cement.  Samples  are  taken  from  the  troughs  with  a 'continuous 
sampler  and  analyzed  every  hour.  The  composition  of  the  contents 
of  each  tank  is  determined  from  these  analyses.  It  is  customary  in 
some  plants  to  maintain  high-calcium  and  low-calcium  tanks. 

The  method  of  making  the  final  mixture  is  very  similar  to  that 
employed  for  the  dry  process  described  on  page  148.  Knowing  the 
analysis  of  the  contents  of  each  tank,  the  operator  can  easily  work 
out  a  combination  from  two  or  more  tanks  that  will  give  the  desired 
composition.  The  eighth  tank  is  reserved  for  mixing  the  slurry  drawn 
from  the  storage  tanks.  An  air  agitator  is  employed  to  thoroughly 
mix  the  contents  of  the  tank,  and  when  so  mixed  the  composition  of 
the  entire  contents  may  be  determined  from  a  single  analysis. 

ADVANTAGES  OF  THE  8EMIWET  PROCESS. 

When  wetted  to  the  consistency  of  a  slurry,  a  very  intimate  mix- 
ture of  the  particles  may  be  obtained.  It  is  claimed  that  grinding 
or  pulverizing  the  material  wet  requires  at  least  one-third  less  power 
than  when  ground  or  pulverized  dry,  although  the  counter  claim  is 
made  that  the  wet  material  wears  the  pulverizing  machinery  much 
more  rapidly  than  the  dry.  Pumping  the  slurry  is  a  very  simple 
and  cheap  method  of  moving  it  from  place  to  place.  Also  materials 
mixed  and  conveyed  in  a  wet  condition  .make  no  dusL 

The  greatest  advantage,  however,  is  the  ease  with  which  variable 
raw  materials  may  be  mixed  together  and  a  final  mixture  of  the  de- 
sired composition  obtained,  as  outlined  above.  This  feature  of  the 
semiwet  process  recommends  it  as  an  alternative  method  in  plants 
working  on  materials  of  variable  composition. 

DISADVANTAGES  OF  THE  SEMIWET  PROCESS. 

The  greatest  difficulty  in  connection  with  the  semiwet  process  is 
getting  rid  of  the  30  or  40  per  cent  of  water  that  has  been  added. 
The  process  was  first  employed  where  the  water  could  be  evaporated 
at  small  cost,  because  of  cheap  natural  gas.  Where  powdered  coal 
is  used  for  fuel,  drying  is  more  costly.  The  difficulty  has  of  late 
years  been  overcome  with  fair  success  by  the  use  of  long  kilns.  In 
kilns  160  feet  long,  so  it  is  claimed,  all  the  moisture  is  driven  out 
during  the  passage  of  the  material  through  the  first  35  feet  of  the 
kiln.  Therefore,  the  same  output  may  be  obtained  with  slurry  in  a 
160-foot  kiln  as  by  the  dry  process  in  a  125-foot  kiln.    It  must  not 
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be  presumed,  however,  that  the  entire  disadvantage  of  the  semiwet 
process  is  the  additional  first  cost  and  maintenance  of  long  kilns.  It 
is  unwise  to  assume  that  the  heat  used  in  evaporating  the  water 
would,  with  a  dry  mixture  in  shorter  kilns,  be  entirely  wasted.  By 
means  of  waste-heat  boilers  this  heat  may  be  saved  and  utilized. 

DESIEABILITY  OF  FBOFEB  FLANT  BESION. 

The  realization  that  cheaper  and  more  rapid  methods  of  quarrying 
than  the  selective  hand-loading  method  are  to  be  desired  has  led  a 
number  of  operators  to  seek  some  process  of  mixing  raw  materials 
that  will  permit  the  use  of  chum  drills  and  steam  shovels.  The 
semiwet  process  has  apparently  appealed  to  several  operators  as  the 
best  means  of  obtaining  a  uniform  mixture  of  variable  raw  materials. 
As  a  consequence  a  number  of  plants  that  were  originally  designed 
for  dry  mixing  have  been  remodeled  and  the  necessary  equipment 
added  to  adapt  them  to  the  semiwet  process.  Several  plants  of  this 
type  differ  in  some  important  respects  from  one  properly  constructed. 
Thus  in  the  attempt  to  retain  as  much  as  possible  of  the  old  equip- 
ment, water  may  be  added  at  a  much  later  stage  than  in  plants  orig- 
inally designed  to  operate  by  the  semiwet  process.  The  grinding 
and  pulverizing  may  be  done  while  the  materials  are  dry,  the  water 
being  added  subsequently.  As  a  result  such  plants  have  the  disad- 
vantages of  both  processes,  the  slower  and  more  costly  pulverizing 
of  dry  materials,  and  the  high  fuel  cost  of  burning  a  wet  mixture. 
Also,  it  has  been  pointed  out  that  long  kilns  are  required  in  operat- 
ing a  semiwet  process  to  advantage.  In  remodeling  a  plant  to  adapt 
it  for  this  process,  the  introduction  of  new  and  longer  kilns  is  an 
expense  that  few  cement-plant  operators  would  care  to  undertake. 

In  planning  to  remodel  a  plant  in  order  to  modify  the  Tnixing 
system  in  such  a  way  as  to  encourage  more  advantageous  quarrying, 
the  operator  should  carefully  consider  the  original  design  of  his 
plant  and  the  extent  of  remodeling  demanded.  Considered  from 
every  angle,  it  is  probable  that  the  dry  method  should  be  retained 
in  plants  designed  for  a  dry  process.  It  is  evident  that  less  modifi- 
cation would  be  required  to  introduce  a  system  of  bins  as  described 
on  page  143,  than  is  necessary  to  convert  the  plant  into  a  properly 
equipped  semiwet  plant. 

THE  STORAGE  BIN  AS  A  MIXING  DEVICE. 

It  has  been  pointed  out  that  variable  constituents  may  be  mixed  to 
some  extent  in  the  quarry  by  intelligent  deep-hole  blasting,  and  that 
the  quarry  products  may  at  a  later  stage  be  mixed  together  as  de- 
sired, either  by  the  employment  of  a  series  of  bins,  the  contents  of 
which  may  be  apportioned  in  accordance  with  their  composition. 
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using  the  dry  method ;  or  by  a  similar  apportiomnent  of  the  contents 
of  slurry  tanks,  using  the  semiwet  process. 

Final  mixing  of  the  materials  may,  however,  be  simplified  by  hav- 
ing a  large  storage  bin  for  crushed  rock.  A  mixture  of  remarkable 
uniformity  has  been  obtained  from  a  rock  ledge  of  variable  compo- 
sition by  this  means.  However,  in  order  to  attain  the  desired  result 
the  bin  must  be  used  intelligently.  The  following  example  will  serve 
to  illustrate  the  proper  use  of  the  storage  bin : 

One  plant  has  a  crushed-rock  storage  bin  of  40,000-ton  capacity. 
The  rock  is  distributed  uniformly  over  one-half  the  bin  by  means  of 
a  belt  conveyor,  until  this  half  is  filled.  It  is  then  drawn  off  while 
the  other  half  is  being  filled.  The  rock  is  taken  from  beneath  by 
two  belt  conveyors.  It  falls  from  the  bin  through  24  slides  that  are 
opened  in  succession  for  5-minute  periods.  Thus  through  uniform 
distribution  in  entering  the  bin  and  equally  uniform  removal,  fluctua- 
tions in  composition  of  the  rock  as  it  enters  the  cement  plant  are 
very  slight,  and  the  proper  proportion  of  shale  to  be  added  is  easily 
maintained. 

INCOMPLETE  HECINO  HT  STORAGE  BUT. 

The  essential  factors  in  successful  mixing  are  proper  distribution 
of  the  materials  in  the  bin,  and  removal  of  the  contents  in  such  a 
manner  as  to  cause  further  mixing.  At  a  number  of  plants  ob- 
served the  rock-storage  bin  is  employed  merely  for  storage  purposes 
and  its  utility  as  a  mixing  device  is  not  realized. 

At  one  plant  the  crushed  rock  is  distributed  in  the  bin  with  a 
clamshell  bucket  and  traveling  crane,  a  type  of  equipment  that  gives 
excellent  service  when  properly  used.  As  observed  by  the  writer, 
however,  the  material,  instead  of  being  distributed  in  various  parts 
of  the  bin  and  removed  by  taking  bucket  loads  from  different  points, 
was  taken  from  the  point  where  it  entered  the  bin  from  the  crusher, 
and  was  conveyed  directly  to  the  drier.  As  the  rock  was  loaded 
at  the  quarry  with  a  steam  shovel  it  is  obvious  that  by  such  direct 
transference  mixing  was  imperfect.  Such  procedure  is  justified 
only  where  the  rock  is  constant  in  composition,  otherwise!  a  dis- 
tribution should  be  made  in  the  bin  and  material  for  the  drier  selected 
from  the  mixed  mass. 

Where  crushed  rock  is  deposited  centrally  in  a  storage  bin,  as  by  a 
belt  or  bucket  conveyor,  the  finer  materials  tend  to  remain  near  the 
point  of  entry,  and  the  coarser  fragments  to  roll  toward  the  sides. 
If  clay  is  quarried  with  the  rock,  the  clay,  being  finer,  tends  to  accu- 
mulate near  the  center,  and  the  limestone  toward  the  sides.  If  the 
outlet  of  the  bin  is  also  centrally  placed,  an  excess  of  clay  will  be 
obtained  when  the  outlet  is  first  opened,  and  the  proportion  of  lime- 
stone will  gradually  increase.    This  undesirable  condition  has  been 
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observed  in  a  number  of  plants.  It  is  wise,  therefore,  to  select  for 
the  outlets  positions  not  directly  beneath  the  point  of  entry.  In  the 
40,000-ton  storage  bin  referred  to  in  a  previous  paragraph,  the  rock 
is  distributed  centrally  by  a  belt  conveyor,  and  removed  from  beneath 
through  two  lines  of  holes  situated  toward  the  sides  of  the  bin. 

Where  dissimilar  materials  are  used,  such  as  limestone  with  clay 
that  pulverizes  to  a  finely  divided  condition,  the  tendency  to  segre- 
gate is  marked.  Where  limestone  and  shale  are  employed,  this 
tendency  is  less  pronounced.  A  uniform  mixture  is  therefore  more 
readily  obtained  in  a  storage  bin  where  materials  of  like  physical 
character  are  employed,  shale  with  limestone,  and  clay  with  marl. 

Having  thus  obtained  a  fairly  uniform  mixture  in  a  storage  bin, 
the  subsequent  processes  of  mixing  and  proportioning  the  cement 
materials  are  greatly  simplified.  A  large  storage  bin  is  particularly 
advantageous  where  the  dry  process  is  employed. 

Where  rock  is  stored  in  bins  after  crushing,  it  may  be  dried  either 
before  or  after  storing.  With  some  materials,  however,  such  as  clay 
and  some  shales,  the  better  plan  is  to  dry  first,  as  the  damp  materials 
may  pack  in  the  bins  and  make  removal  difScult. 

The  best  construction  for  a  storage  bin  is  concrete  and  steel.  The 
roof  trusses  may  be  made  to  rest  directly  on  the  bin  walls,  and  the  belt 
conveyors  for  bringing  in  the  stone  may  be  carried  by  the  trusses. 

SITMUART  OF  CGNCLUSIGNS. 

Mixing  methods  in  their  relation  to  quarrying  may  be  briefly 
summarized  as  follows: 

Chum-drill  and  steam-shovel  methods  of  quarrying  are,  in  gen- 
eral, to  be  preferred,  and  mixing  of  the  quarry  materials  should  be 
so  conducted  as  to  permit  their  use.  Mixing  may  be  done  by  using 
a  number  of  storage  tanks  for  approximately  proportioned  mixtures 
of  ground  rock,  the  contents  of  the  tanks  being  determined  by 
analyses.  The  final  mix  is  made  by  drawing  off  a  calculated  pro- 
portion from  three  or  more  tanks.  Thorough  mixing  of  the  quarry 
products  may  be  attained  by  the  intelligent  use  of  a  large  rock 
storage  bin.  The  semiwet  process  is  an  alternative  method  of  ob- 
taining a  uniform  and  desirable  mixture  of  diverse  constituents. 

ECONOMIC  CONDITIONS. 

CONDITIONS  OOVEBNINO  PLANT  LOCATION. 

In  choosing  a  location  for  a  cement  plant  the  presence  of  an  ade- 
quate supply  of  suitable  raw  materials  is  not  the  only  consideration. 
Other  conditions  of  equal  importance  must  be  satisfied,  or  the  enter- 
prise will  be  doomed  to  failure.  The  chief  factors,  other  than  raw 
materials,  on  which  success  depends  are  market,  transportation,  and 
fueL 
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MABXET. 

It  is  unwise  to  attempt  the  manufacture  of  cement  m  localities 
where  the  demand  for  it  is  limited.  A  cement  plant  should  have, 
first,  a  strong  local  market  area  in  which  there  is  practically  no 
competition,  and,  second,  easy  access  to  a  larger  competitive  market 
area.  As  cement  is  a  very  heavy  material,  transportation  charges 
are  relatively  high  when  compared  with  its  value,  and  on  this 
account  the  competitive  market  area  is  usually  restricted.  No  excel- 
lence in  limestone  or  shale  can  compensate  for  a  small  market. 

TBANSFOBTATION. 

The  available  market  area  largely  depends  on  transportation  facili- 
ties. A  high  freight  rate  tends  greatly  to  restrict  the  field.  No  plant 
should  be  entirely  dependent  on  one  railroad  line  unless  the  railroad 
is  financially  interested  with  the  cement  plant.  At  least  two  trans- 
portation routes  should  be  available,  one  being  preferably  a  water 
route. 

FUEL 

In  general  practice,  120  pounds  of  coal  dust  is  required  to  burn 
one  barrel  of  cement.  If  coal  is  also  used  for  power  200  to  800 
pounds  are  required  for  each  barrel  of  cement.  The  fuel  cost  for  an 
average  plant  is,  therefore,  30  to  40  per  cent  of  the  total  cost  of  manu- 
facture. A  hydroelectric  plant  may  supply  the  necessary  power  to 
operate  the  machinery,  but  fuel  is  necessary  for  burning  the  cement. 
Hence,  a  good  fuel  supply  at  reasonable  prices  is  a  necessity. 

BAW  MATEBIALS. 

The  success  of  any  cement  manufacturing  enterprise  depends 
largely  on  the  nature,  availability,  and  extent  of  the  raw  materials, 
particularly  in  areas  where  competition  is  keen.  The  plants  that 
have  raw  materials  that  can  be  quarried,  pulverized,  and  burned  at 
relatively  low  cost  always  have  an  advantage  over  competitors.  On 
the  other  hand,  if  there  is  a  good  local  market  and  cheap  fuel,  a  man- 
ufacturer may  be  justified  in  building  a  plant  where  raw  materials 
are  of  inferior  quality. 

No  plant  should  be  built  having  less  than  20  years'  supply  of  raw 
material  in  sight.  Each  barrel  of  cement  requires  approximately 
450  pounds  of  limestone  and  150  pounds  of  clay  or  shale.  Therefore, 
a  plant  making  1,000  barrels  daily  will  use  annually  about  66,000 
tons  of  limestone  and  22,000  tons  of  clay  or  shale.  This  quantity  is 
equivalent  to  almost  1,000,000  cubic  feet  of  limestone  and  250,000 
cubic  feet  of  shale.  A  1,000-barrel  plant  should,  therefore,  have 
20,000,000  cubic  feet  of  limestone  and  6,000,000  cubic  feet  of  clay  or 
shale  available  on  its  property. 
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EFHCIENCT  OF  OPEfiATION. 

A  cement  plant  established  under  the  most  favorable  conditions 
may  fail  to  yield  a  profit  if  operated  with  poor  eflSciency.  The 
choosing  of  a  site  for  the  plant  need  be  done  but  once,  and  the  pros- 
pective operator  may  engage  the  services  of  a  competent  engineer  to 
insure  its  proper  location,  but  the  operation  of  the  plant  demands 
constant  attention  every  day.  It  is,  therefore,  supremely  important 
that  the  cement  manufacturer  familiarize  himself  with  all  modem 
methods  and  equipment  designed  to  increase  efficiency  of  operation. 
Where  competition  is  keen  those  who  keep  most  closely  in  touch  with 
each  new  advance  are  best  enabled  to  reduce  the  cost  of  manufacture, 
and  thus  widen  their  markets. 


PXJBLICATIONS  ON  MINERAL  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution,  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  tbe  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

BuixETiN  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  C.  A.  Davis. 
1911.    214  pp.,  1  pi.,  1  fig. 

Bttlletin  45.  Sand  available  for  filling  mine  workings  in  the  northern  an- 
thracite coal  basin  of  Pennsylvania,  by  N.  H.  Darton.  1012.  33  pp.,  8  pis., 
5  figs. 

Bulletin  64.  The  titaniferous  iron  ores  in  the  United  States;  their  compo- 
sition and  economic  value,  by  J.  T.  Singewald,  jr.-   1913.    145  pp.,  16  pis.,  8  figs. 

Bulletin  70.  A  preliminary  report  on  uranium,  radium,  and  vauadium,  by 
R.  B.  Moore  and  K.  L.  Kithil.    1913.    100  pp.,  2  pis.,  2  figs. 

Bulletin  73.  Brass  furnace  practice  in  the  United  States,  by  H.  W.  Gillett. 

1914.  298  pp.,  2  pis.,  23  figs. 

Bulletin  84.  Metallurgical  smoke,  by  0.  H.  Fulton.  1915.  94  pp.,  6  pis., 
15  figs. 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal 
years  1911  to  1913,  by  A.  C.  Fieldner,  H.  I.  Smith.  A.  H.  Fay,  and  Samuel 
Sanford.    1914.    444  pp.,  2  figs. 

Bulletin  92.  Feldspars  of  the  New  England  and  Northern  Appalachian 
States,  by  A.  S.  Watts.    1916.    180  pp.,  3  pis.,  22  figs. 

Bulletin  103.  Mining  and  concentration  of  camotlte  ores,  by  K.  L.  Klthll 
and  J.  A.  Davis.    1917.    89  pp.,  14  pis.,  5  figs. 

Bulletin  104.  Extraction  and  recovery  of  radium,  uranium,  and  vanadium 
from  carnotite,  by  C.  L.  Parsons,  R.  B.  Moore,  S.  O.  Lind,  and  O.  O.  Schaefer. 

1915.  124  pp.,  14  pis.,  9  figs. 

Bulletin  106.  The  technology  of  marble  quarrying,  by  Oliver  Bowles.  1916. 
174  pp.,  12  pis.,  88  figs. 

Bulletin  110.  Ck)ncent ration  experiments  with  the  siliceous  red  hematite  of 
the  Birmingham  district,  Alabama,  by  J.  T.  Singewald,  jr.  1917.  91  pp., 
47  figs. 

161 


152  BOCK  QUAKRYING  FOB  CEMENT  MANUFACTUBE. 

Bulletin  124.  Sandstone  quarrying  In  the  United  States,  by  Oliver  Bowles. 
1917.    143  pp.,  6  pis.,  19  flgs. 

Bulletin  128.  Refining  and  utilization  of  Georgia  kaolins,  by  I.  E.  Sproat. 
1916.    55  pp.,  5  pis.,  11  flgs. 

Bulletin  146.  Technology  of  salt  making  in  the  United  States,  by  W.  C. 
Phalen.    1917.    149  pp.,  24  pis.,  10  figs. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton 
and  A.  C.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Papeb  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp., 
1  pi.,  23  figs. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  G. 
Fieldner.    1914.    59  pp.,  6  figs. 

Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wis- 
consin district,  Wisconsin,  by  0.  A.  Wright.    1915.    39  pp.,  2  pis.,  5  flgs. 

Technical  Paper  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watkins. 
1916.    36  pp. 

Technical  Paper  110.  Monazlte,  thorium,  and  mesothorlum,  by  K.  L.  Kithil. 

1915.  32  pp.,  1  flg. 

Technical  Paper  111.  Safety  in  stone  quarrying,  by  Oliver  Bowles.  1915. 
48  pp.,  5  pis.,  4  flgs. 

Technical  Paper  126.  The  casting  of  clay  wares,  by  T.  G.  McDougal.  1916. 
26  pp.,  6  figs. 

Technical  Paper  133.  Directions  for  sampling  coal  for  shipment  or  delivery, 
oy  G.  S.  Pope.    1917.    15  pp. 

Technical  Paper  136.  Safe  practice  at  blast  furnaces,  by  F.  H.  Will  cox. 

1916.  73  pp.,  1  pi.,  43  figs. 

Technical  Paper  143.  Ores  of  copper,  lead,  gold,  and  sliver,  by  C.  H.  Fulton. 
1916.    41  pp. 

Technical  Paper  165.  Gypsum  products,  their  preparation  and  uses,  by  R.  W. 
Stone.    1917.    67  pp.,  9  pis.,  10  flgs. 

Technical  Paper  177.  Preparation  of  ferro-uranlum,  by  H.  W.  GUlett  and 
E.  L.  Mack.    1917.    46  pp.,  2  flgs. 

PUBIJCATIONS   THAT   MAT   BE   OBTAINED   ONLY   THROUGH   THE   SUPERIN- 
TENDENT OF  DOCUMENTa, 

BtnxETiN  11.  The  purchase  of  coal  by  the  (Government  under  specifications, 
with  analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.  1910. 
80  pp.    10  cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  fur- 
nace gases,  by  J.  C.  W.  Frazer  and  E.  J.  Hoffman.  1911.  22  pp.,  6  flgs.  5 
cents. 

Bulletin  22.  Analyses  of  coals  In  the  United  States,  with  descriptions  of 
mine  and  fleld  samples  collected  between  July  1,  1904,  and  June  30,  1910,  by 
N.  W.  Lord,  with  chapters  by  J.  A.  Holmes,  F.  M.  Stanton,  A.  C.  Fieldner,  and 
Samuel  Sanford.  1912.  Part  I,  Analyses,  pp.  1-321;  Part  II,  Descriptions  of 
samples,  pp.  821-1129.    85  cents. 

Bulletin  29.  The  effect  of  oxygen  In  coal,  by  David  White.  1911.  80  m?., 
8  pis.    20  cents. 

Bulletin  38.  The  origin  of  coal,  by  David  White  and  Reinhardt  Thiessen, 
with  a  chapter  on  the  formation  of  peat,  by  C.  A.  Davis.  1913.  390  pp.,  54  pis. 
80  cents. 

Bulletin  41.  Government  coal  purchases  under  speclflcatlons,  with  analyses 
for  the  fiscal  year  1909-10,  by  G.  S.  Pope,  with  a  chapter  on  the  fuel-inspection 


PUBLICATIONS  ON   MINERAL  TECHNOLOGY.  153 

laboratory  of  the  Bureau  of  Mines,  by  J.  D.  Davis.  1912.  97  pp.,  3  pis.,  9  figs. 
15  cents. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas, 
by  G.  A.  Burrell  and  F.  M.  Seibert.     1913.     116  pp.,  2  pis.,  23  figs.    20  cents. 

Bulletin  47.  Notes  on  mineral  wastes,  by  0.  L.  Parsons.  1912.  44  pp. 
5  cents. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  in  the  Southern 
Appalachian  region,  by  A.  S.  Watts.    1913.    170  pp.,  16  pis.,  12  figs.    35  cents. 

Bulletin  63.  Sampling  coal  deliveries  and  types  of  Government  specifications 
for  the  purchase  of  coal,  by  G.  S.  Pope.    1913.    68  pp.,  4  pis.,  3  figs.    10  cents. 

Bulletin  71.  Fullers*  earth,  by  C.  L.  Parsons.    1913.    39  pp.    5  cents. 

Bulletin  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A. 
Lyon  and  R.  M.  Keeney.    1915.    80  pp.,  6  figs.    10  cents. 

Bulletin  107.  Prospecting  and  mining  of  copixjr  ore  at  Santa  Rita,  N.  Mex., 
by  D.  F.  MacDonald  and  Charles  Enzian.  1916.  122  pp.,  10  pis.,  20  figs.  25 
cents. 

Bulletin.  108.  Melting  aluminum  chips,  by  H.  W.  GiUett  and  G.  M.  James. 
1916.    88  pp.    10  cents. 

Bulletin  111.  Molybdenum ;  its  ores  and  their  concentration,  with  a  discus- 
sion of  market,  prices,  and  uses,  by  F.  W.  Horton.  1916.  132  pp.,  18  pis.,  2  figs. 
30  cents. 

Bulletin  121.  The  history  and  development  of  gold  dredging  in  Montana,  by 
Hennen  Jennings,  with  a  chapter  on  placer-mining  methods  and  operating  costs, 
by  Charles  Janln.    1916.    64  pp.,  29  pis.,  1  fig.    30  cents. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallurgical  mate- 
rials, with  special  reference  to  the  sampling  of  copper  bullion,  by  Edward 

Keller.    1916.    102  pp.    20  cents. 
Technical  Papee  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the 

Joplin  district,  Missouri,  a  preliminary  report,  by  C.  A.  Wright.    1913.    43  pp., 

5  figs.    5  cents. 
Technical  Papeb  60.  The  approximate  melting  points  of  some  commercial 

copper  alloys,  by  H.  W.  GiUett  and  A.  B.  Norton.    1913.    10  pp.,  1  fig.    5  cents. 

Technical  Paper  88.  The  radium-uranium  ratio  in  carnotites,  by  S.  C.  Lind 
and  C.  F.  Whittemore.    1915.    29  pp.,  1  pi.,  4  figs.    5  cents. 

Technical  Paper  90.  Metallurgical  treatment  of  the  low-grade  and  complex 
ores  of  Utah ;  a  preliminary  report,  by  D.  A.  Lyon,  R.  H.  Bradford,  S.  S.  Arentz. 
O.  C.  Ralston,  and  C.  L.  Larson.    1915.    40  pp.    5  cents. 

Technical  Paper  93.  Graphic  studies  of  ultimate  analyses  of  coals,  by  O.  C. 
Ralston,  with  a  preface  by  H.  C.  Porter.    1915.    41  pp.,  3  pis.,  6  figs.    10  cents. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  in  25  cities,  with 
a  discussion  of  the  properties  of  natural  gas,  by  G,  A.  Burrell  and  G.  G.  Oberfell. 
1915.    22  pp.    5  cents. 


INDEX. 


A.  Page. 

Adobe  blasting,  method  of 94 

See  also  Secondary  blasting. 

Air  compressors  for  rock  drills 95 

Alkali  waste,  as  cement  material-  12, 13,  19 

In  cement  mixtures 25 

Alumina,   In  clay,   desirable  propor- 
tion  of 22 

in  Portland  cement,  proportion 

of 9 

Ammonia  dynamite,  rate  of  detona- 
tion of 82 

nse  of,  example  of 98, 101 

weight  of  per  foot  of  charge 68 

See  also  Dynamite. 

Aerial  tramways,  use  of  at  quarries.       127 
Aspdln,     Joseph,     Portland     cement 

patent  of 4 

B. 

**  Barney,'*  use  of  for  cable  haulage.  131 
Beds,    Inclination   of,   effect   of,    on 

placing  of  drill  holes 57 

on  quarrying  methods.  52,  53 
steeply   Inclined,    difficulties    In 

drilling 57 

quarrying  of,  view  of 57 

Bench,  definition  of 108 

Benches,  multiple,  advantages  of 51 

single,  advantages  of 47 

dangers   from 47 

heights   of 47 

"Blanket"  blasting,  method  of 69 

Blast,    large,    arrangement   of   drill 

holes  in,  figure  showing.  89 
burden  and  spacing  of  shots 

in 89 

results  of,  view  of 90 

▼lew  of 90 

undercharging  of 66 

Blast-furnace    slag,   as   cement   ma- 
terial     12,24 

Blast  holes,  drilling  of,  cost  of 48,44 

Blasting,  by  multiple  shots ..         54 

efficiency  of,  in  relation  to  rock 

loading    92 

in  relation  to  size  of  steam 

shovel 92 

efficient,  examples  of 98-100 

importance  of  correct  methods 

In 46 

methods   of 46-106 

primary,  proper  amount  of  ex- 
plosives for 64,  65 

determination  of 65 

secondary,  conditions  governing.        93 

methods   of 94 

See  also  Block  hole,  blanket, 
buffer,  gopher  hole  and 
mud-capping  blasting ; 
drill  holes,  drilling,  and 
explosives. 


Page. 

Blasting  methods,  examples  of 9a-101 

powder,  nit^ostarch,  composition 

df 62 

practice,    good,   importance    of.      VII 

records,  examples  of 102, 104, 105 

importance  of 101 

Blatchley,  W.  S.,  on  sulphur  in  ce- 
ment  11, 14 

Blelnlnger,  A.  V.,  on  sampling  clay 

-deposits 31 

"  Blistering,"  definition  of 93 

Block-holing  blasting,  advantages  of.         95 

methods  of 94,95,96 

"  Booster,"  best  type  of 78 

Bowles,  Oliver,  cited 46,  78, 106 

on  use  of  drag-line  scraper.         37 

Breast,  definition  of 108 

in    mine,    method    of    working, 

figure  showing 110 

Brunton,  D.  W.,  cited 35 

"  Buffer  "  blasting,  method  of 69 

Bulldozing,  definition  of 93 

Burchard,   B.   F.,   on   cement  mate- 
rials          26 

Bureau  of  Mines,  investigations  of VII,  1 

on  poisonous  gases 64 

stemming  experiments  of.. 74 

Burden  of  shots,  calculation  of 66, 67 

definition  of 54 

factors  determining 55 

in  multiple  shots 56 

unequal  charging  of  holes  for 73 

Burden  and  spacing  of  shots  in  large 

blast 89,90,91 

C. 

Cable  haulage,  use  of,  at  quarries 126 

examples  of 131 

Calcium  carbonate,  proportion  of  in 

cement  material 31 

in  cement  mixture 28 

Carbon  monoxide,  from  blasts,  dan- 
ger from 63 

Carnegie  Institute,  geophysical  labo- 
ratory of.  Investigations 

at 10 

Cars.    See  Quarry  cars. 

"  Casting  over,"  definition  of 39 

Cement.    See  Natural,  Portland,  and 
puzzolan  cement. 

Cement  materials,  availability  of 32 

combinations  of . 24 

composition  of 30 

specifications  for 15,  20 

suitability    of 31 

See  also  Alkali  waste,  blast-fur- 
nace slag,  cement  rock, 
chalk,  clay,  marl,  oyster 
shells,  shale. 

Cement  mixtures,  fineness  of 29 

formulas  for 27 

proportioning  of.. 26 
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Cement  mixtures,  uniformity  of,  re- 
lation of,  to  drillinpT 51 

Cement  plants,  eflSciency  in,  need  of-       160 
Cement  roclc,  amount  of,  required  for 

one  barrel  of  cement 149 

classification  of 13 

crushing  of 133-137 

composition    of    in    relation    to 

quarry  methods 138 

loading  of,  methods  of 117-123 

mining  of,  advantages  in 106 

disadvantages  In 107 

methods  In 108-114 

mixing  of,  in  quarry 140 

in  plants 140-146 

need  of  improvement  in 139 

occurrence  of 18 

specifications   for 15 

surface  transportation  of,  meth- 
ods in 124-134 

underground  loading  of  by  power 

shovels 116 

use  of  In  cement  mixtures 24 


Chalk,  as  cement  material 12, 

definition  of 

Chambering  of  drill  holes 

Charges,  broken,  use  of  in  blasting 

figure  showing 

Charging    of    drill    holes,    methods 

in 69,  70, 

"  Chimney  shot,"  definition  of 

Churn  drills,  limiting  heighth  of  face 

for 

use  of 

in  primary  drilling 

Clay,  as  raw  material  for  Portland 

cement 

definition  of 

desirable  composition  of . 

impurities  in 

origin  of 

use  of  for  stemming 

varieties  of 


13,19 
17 
48 
71 
72 

71,72 
65 

49 
47 
43 

14 
20 
22 

22 
20 
74 
21 

81 


Clay  drposlts,  sampling  of 

Clay  pockets,  effect  of  on  quarrying 

methods 53 

Clinker,  cement,  treatment  of 30 

Coal  ashes,  as  cement  material 24 

cinder,  as  cement  material 144 

dust,    amount    of,    required    in 

burning  cement 149 

Compressed  air,  for  drills,  methods 

of    supplying 46,95 

use  of  in  cleaning  drill  holes 45 

Conveyors,  use  of  In  mixing  cement 

rock 14S 

Coplay,    Pa.,    first    manufacture   of 

Portland  cement  at 6 

Cordeau  detonant.     8ee  Detonating 

fuse. 
Cost  of  blasting,  record  of,  example 

of 102, 108, 104 

Cox,  A.  J.,  on  hlgfa-Bllica  Portland 

cement - 11 

Coyote  hole,"  blasting  of,  method 

of 69 


Crosscut,  definition  of 

Crusher,  capacity  of,  factors  affect- 
ing   

safety  devices  at 

situation   of,    factors   determin- 
ing   

size  of,  determination  of 

"  Cut  holes,"  definition  of 


D. 


Davis,  J.  A.,  cited . -«» 

Detonating  fuse,  advantages  of 

connecting  of,  figure  showing 

cost  of ._. — — — 

nature  of . 

rate  of  detonation  of - 

results  of  use  of 

wire     connections     for,     figure 

showing 

use  of 76, 80, 81, 

example  of 

figure   showing 

precautions  in 

Detonators,  attachment  of,  to  deto- 
nating fuse,  figure  show- 
ing  

electric,  sizes  of 

use  of •_ 

loose,  danger  from  use  of 

number  of,  per  drill  hole 

placing  of,  In  drill  holes 

proper  strength  of 

strong,  advantages  of 

use  of  several  in  drill  hole .. 

See  aUo  Blectric  detonators. 


108 

136 
137 

137 
185 
112 


85 

81,82 
85 
87 
80 
82 

83,88 

87 
83,84 
99 
81 
85 


86 
77 
76 
77 
77 
79 
77 
79 
79 

16 


t< 


Dolomite,  composition  of 

Drag-ltne  scraper,  use  of,  for  remor- 

Ing  overburden 87 

Drainage,    Influence    of,    on   quarry 

plan 38 

Drifts,  cross  section  of,  figure  show- 
ing  ^ 109 

definition   of 108 

direction  of,  with  reference  to 
dip  of  beds,  figure  show- 
ing        109 

driving  of,  methods  of, 110-114 

Drift  mines,  examples  of 110-114 

Drill   holes,   arrangement  of,   figure 

showing 72, 88 

in  large  blast,  figure  show- 
ing  . —         89 

in  multiple  shots 54 

seamy  rock,  figure  sliowlng-         50 

broken  charges  for 71 

burden  and  depth  of 105 

burden  and  spacing  of 98-100 

casing  of 46 

chambering  of 48 

charging  of 69-72 

cleaning  of 44 

continuous  charges  for 70 

diameter  of 43 

different  slses  of,  explosives  per 

foot  for... ..—        68 
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Drill  holes  for  moltiple  shots,  bur- 
den of 65,66 

placing  of,  figure  showing 55 

large,  efBciency  of 48 

figure   showing 49 

facing  of 66 

loading  of,  precautions  in 74 

placing    of,     in     drifts,     figure 

showing 111,  112. 113, 114 

in  seamy  rock 60,  61 

proper  diameter  of 76 

reasons  for  cleaning  of 45 

springing   df 59 

undercharging  of,  loss  from 66 

use  of  detonating  fuse  in 81 

water  in,  effect  of 73 

removal  of 73 

See  aUo  Drilling,  blasting,  ex- 
plosives. 

Drilling  chum,  cost  of 43 

rate  of 43 

cost  of,  relation   of   to   drilling 

cost 92 

record  of,  example  of-  102, 103, 104 

of  blast  holes,  cost  of ,  48 

methods  of 42-46 

primary,  drills  used  for 43 

Drills,  air  compressors  for,  location 

for 95 

efiiciency   of,   factors   determin- 
ing    48 

types  of 34 

See  also  Churn    drills,    electric 
drills,  hammer  drills,  tri- 
pod drills,  wagon   drills. 
Damp  carts,  for  removing  overbur- 
den, use  of 37 

Dynamite,  ammonia,  composition  of.  61 

use  of 60 

different  strengths  of,  use  of  in 

same   hole 70 

gelatin,  composition  of 61,  64 

use   of 61 

low-freezing,  composition  of 61 

straight  -nitroglycerin,    composi- 
tion of 60 

strength     of,      for     continuous 

charges 69 

use  of,  in  springing  holes 48 

weight  of,  charges  of,   example 

showing 88 

E. 

Eckel,  B.  C,  cited 8,4 

Electric  current  for  blasting,  proper 

strength  of 79,80 

Electric  detonators,  testing  of  with 

galvanometer 79 

use  of  several,  in  one  hole 78 

Electric  drills,  use  of  in  primary  drill- 
ing    44 

Electric  haulage,  use  of  at  quarries.  126 

England,  cement  industry  In 3,4 

Explosives,   cost   of,   relation   of   to 

drilling   cost 92 

efiiciency  of 98-100 

for  large  blasts,  cost  of 89, 90, 91 


•  Page. 

Explosives,  for  springing  holes 59 

high,  use  of  in  dipping  beds 58 

poisonous  gases  from 63 

quickness  of,  ^ffect  of 95 

rate  of  detonation  of,  importance 

of 62 

types  of 60 

use  of,  in  primary  blasting 64,  65 

See    aleo    Blasting,    burden    of 
shots,  drill  holes,  spring- 
ing, and  explosives  named. 

Erie  Canal,  use  of  natural  cement  in.  4 

F. 

Fissures,  rock,  effect  of  on  drilling-  44 

Floor,  quarry,  selection  of 34 

Fluxes,  use  of 28 

Fuel,  cost  of  in  cement  plants 149 

O. 

Galvonometer,    testing    of    blasting 

circuits  with 79,  80 

testing    of    electric    detonators 

with 79 

Oases,  poisonous,  from  blasts,  deaths 

from,  example  of 63 

Gelatin  dynamite,  advantages  of 64 

rate  of  detonation  of 82 

use  of,  example  of 99, 100, 101 

in  large  blasts 89,90,91 

weight  per  foot  of  drill  hole 68 

Bee  also  Dynamite,  gelatin. 
Glory-hole,  method  of  quarrying,  use 

of 115 

"  Gopher  hole,"  blasting  of,  method 

of 69 

blast,  example  of 60 

Gravity  systems  for  cement  mills,  ad- 
vantages of 32 

transportation,  example  of 133 

Greenwell,  Allan  and  Elsden,  J.  Y., 
on   use  of  dry  sand  for 

stemming 74 

Gypsum  as  retarder  in  Portland  ce- 
ment   p. 80 

Gyratory  crushers,  use  of 135, 136 

See  dleo  Crushers. 

H. 

Hall,  Clarence,  cited-  74,  77,  80,  85, 95, 106 
on  composition  of  dynamite-  60, 61,  62 
Hammer  drills,   limiting   height   of 

benches   for 54 

use  of 54 

in  primary  drilling 44 

in  secondary  drilling 46 

Hand  loading,  ajlvantages  of —  62, 118, 121 
changing  from  to  steam  shovel 

loading 120-131 

cost  of 120, 139 

disadvantages  of 118 

Haulage  at  quarries,  examples  of-  132, 134 

underground,  systems  of 116 

Howell,  S.  P..  cited 77.  80,  85 

on  composition  of  dynamite.  60,  61, 62 
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Howell,  8.  P.,  on  sensitiyeness  of  tri- 
nitrotoluene    83 

on  wse  on  detonating  fuse 82 

Hood,  O.  P.,  cited - 117 

Hydraulic  lime,  characteristics  of 2 

Hydraulic  stripping,  use  of 40 

I. 

Inclination    of    beds,    effect    of    on 

quarrying  methods 52,  53 

Inclined  railways,  use  of  at  quarries.       126 

Iron  in  cement  materials,  form  of 14 

Iron   oxide,  desirable  proportion   of 

in  clay 22 

J. 

Jaw  crushers,  use  of 136 

Joint   systems,   rock,  advantages  of 

plotting 44 

Importance  of  noting  in  placing 

drill  holes 50 

relation   of   to  placing  of  drill 

holes 44 

K. 

Kaolin,  definition  of 20 

Kiln,  rotary,  Introduction  of 5 

use  of 29 

Kudlich,  R.  H.,  cited 117 

L. 

Lead,  R.  K.,  on  fineness  of  clay 22 

Lehigh  district.  Pa.,  cement  rock  in.         18 
early  manufacture  of  Portland 

cement  in 6 

obtaining  of  rock  mixtures  in —         51 
Leonard,  F.  J.,  acknowledgment  to-.  1 

Lime,  in  cement  mixtures,  proportion 

of 27 

in     Portland     cement,     propor- 
tion of 9 

Limestone,  amount   required   by   ce- 
ment plant 149 

argillaceous,    as    cement    mate- 
rial          16 

characteristics  of 17 

composition   of 16 

origin  of 15 

ufle  of  in  cement  mixtures 24,  25 

varieties  of 17 

'weight  of 17 

Loading  of  rock,  rate  of  in  relation 

to  blasting  efficiency 92 

Bee  also    Hand    loading,    steam 
shovels. 
Locomotives,  use  of  for  surface  haul- 
age        125 

Low-freezing    dynamite,   amount   of, 

in  large  blasts, 89,90,01 

McDaniel,  A.  D.,  cited 101 

M. 

MacFetrldge.  R.  H.,  asknowledgment 

to 1 

MarhlueH  for  Rtripplng.  use  of 40 

Magnesia  in   Portland  cement,  pro> 

portion  of • 9 


Page.' 
Magnesium  in  cement  material,  form 

of 14 

permissible  percentage  of 14 

Manhelm  (W.  Va.)f  limestone  mine 
near,    driving    of    drifts 

in 1 110 

Mann,  B.  A.,  on  production  of  nitro- 
gen oxides 63 

Maps,    geologic    advantages   of    for 

quarry  layout 34 

Marble,  as  cement  material 19 

definition  of 16 

Market  facilities,  importance  of 149 

Marl,  as  cement  material 13, 19 

definition  of 16 

Meade,  R.  K.,  cited 4,5,9,26 

on  ferric  oxide  in  Portland  ce- 
ment   11 

on  proportioning  of  cement  ma- 
terials    28 

on  storage  and  mixing  of  cement 

rock 144 

on  sulphur  in  cement 14 

Mine,  definition  of 107 

Mine  haulage,  methods  of 116 

Mining,  underground,  methods  of 114 

Mining  system,  figure  showing 108 

Misfires,  dangers  from 84 

Misfires  with  detonators,  causes  of 84 

with  detonating  fuse,  rarity  of-  84 
Mixing  of  raw  materials  by  dry  proc- 
ess, examples  of 141-144 

by    semiwet    process,    examples 

of 144-146 

importance  of 138 

need  of  improvement  in 139 

Mixing  of  cement  rock,  factors  to  be 

considered  in 146 

in  quarrying 51 

in  relation  to  quarrying  method. 

conclusions  on 148 

uniform,  methods  of  obtaining-  58,  54 

Mortar,  use  of,  antiquity  of 1 

Motors,  electric,  use  of  in  mine  haul- 

age   : 116 

gasoline,  use  of  in  mine  haulage.  117 

Mud-capping  blasting,  method  of 94 

blasting,   use  of 96 

"Multiple  shot,"  definition  of 54 

Munroe,  C.  B.,  cited 62, 106 

N. 

Natural  cement,  characteristics  of 2 

European,    manufacture   of 8 

in  United  States,  early  use  of 4 

manufacture  of ..  29 

production  of  in  United  States 8 

figure  showing 7 

Newberry,  S.  B.,  cement  formula  of, 

use  of 142 

Newberry,  S.  B.  and  W.  B.,  on  compo- 
sition of  Portland  ce- 
ment    27 

on    proximate    composition    of 

Portland  cement 10 

Nitrogen,  oxides  of,  production  of  in 

bUsting 63 
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Nitroglycerin  dynamite,  rate  of  de- 
tonation of 82 

use  of,  example  of 98»  09»  100, 101 

used    in    large    blasts,    amount 

of 8»,  90,  91 

weight  per  foot  of  drill  hole —  68 
See  ai»o  Dynamite. 
Nitroglycerin  powder,  rate  of  detona^ 

tion  of 82 

Nitrostarch  powder,  use  of,  example 

of 88.  98 

O. 

Open-pit  quarrying,  methods  in 83 

Overburden,  loading  of 86 

methods  of  removing 87-42 

separation  of  by  washing 42 

use  of  in  cement  mixture 35 

utilization  of 42 

See  also  Stripping. 

Oyster  shells,  as  cement  material 19 

as   raw   material   for   Portland 

cement 12, 18 

P. 

Parker,  — ,  cement  patent  of 3 

Parallel-series  wiring  of  shots,  figure 

showing 78 

Parallel  wiring  of  shots,  method  of.  78 

Pioneer  bench,  definition  of 108 

Plant,  cement,  design  of,  importance 

of 146 

"  Pop  "  holes,  definition  of 43 

Porter,  J.  J.,  on  potash  recovery  at 

cement  plants 16 

Portland  cement,  characteristics  of-  2 

composition  of,  variations  In —  9 

European,  manufacture  of 4 

manufacture  of,  methods  in —  29 
in  United  States,  development 

of 5,  6 

production  of,  in  United  States.  8 

figure  showing 7 

raw  materials  for 11 

choice  of . —  12 

classification  of 13 

specifications  for 9, 14 

Primary  blasting,  definition  of 46 

factors     in,     determination     of, 

methods  of 46 

Prospecting    of    cement    materials, 

need  of 80 

Pnnolan  cement,  antiquity  of 8 

characteristics  of 2 

production  of,  in  United  States.  8 

Q. 

Quarry  cars,  adequate  supply  of,  im- 
portance of 125 

motor  power  for 125 

types  of 124 

unloading  of,  methods  of 126 

Quarry  costs,  examples  of 100, 101 

factors  increasing 68 

Quarry  face,  best  height  of 33 

direction  of,  factors  determining  68 

for  steeply  inclined  bed —  57 


Pa£e. 

Quarry   methods,   possible   Improve- 
ment  In viii 

Quarry  plan,  Infiuence  of  drainage  on  33 

Quarry  tracks,  maintenance  of,  im- 
portance of 128 

systems  of 128-131 

Quarry  walls,   features  determining 

direction  of 83 

Quarrying,  deep,  advantages  of 88 

R. 

Rankin,    G.    A.,    on   constituents   of 

Portland  cement  clinker.  10 
Rate    of    detonation    of    explosives. 

Importance  of 62 

Raw    materials    for    cement,    mini- 
mum reserve  supply  of 149 

See  al80  Cement  materials. 

Residual  clay,  definition  of 21 

Retarder,  use  of  gypsum  as 30 

Rock  beds.     See  Beds. 
Rock     blasted     per     pound     of    ex- 
plosive   98-100 

Rock  mixtures,  maintenance  of vlli 

Roll  crushers,  use  of 136 

Roof,  mine,  care  of 115 

definition  of 108 

inspection  of,  method  of 116 

Rosendale  cement,  origin  of 5 

Russell,  S.  R.,  acknowledgment  to 1 

Kutledge,  J.  J.,  on  use  of  strong  deto- 
nators    79 

S. 

Sampling  of  clay  deposits 31 

Sand,  use  of,  for  stemming 74 

Scrapers,  for   removing  overburden, 

use  of 87 

Seams,  rock,  relation  of,  to  placing 

of  drill  holes 50 

definition   of 46,93 

Secondary    blasting,     costliness    of, 

reasons  for 97 

Segregation  of  cement  materials  in 

storage   bins 148 

Semiwet  mixing,  advantages  of 144, 145 

disadvantages   of 145 

examples  of : 144 

Series  wiring  of  shots,  method  of 78 

Shaft,  definition  of 108 

Shaft  mine,  example  of 119 

Shale,   amount   required   by   cement 

plant 149 

as   raw   material   for   Portland 

cement 12, 13 

characteristics  of 23 

composition  of 2.1 

In  cement  mixture 24,  25 

origin  of 2.1 

"  Shooting  against  the  bank,"  defini- 
tion of 69 

Shot  firers,  precautions  for 76 

Shots,  burden  of,  calculation  of 66,  67 

wiring  of,  method  of 78 

Sec  also  Blasting,  detonators, 
drill  holes,  springing,  and 
explosives  named. 
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Shovels;  power,   moving  of,  loss  of 

time  through 39 

power,  use  of  in  quarries 34 

of,   underground 116 

See  also  Steam  shovels. 

Shrinkage  stoplng  method,  use  of 114 

in    limestone    mine,    figure 

showing 114 

Silica,  in  clay,  desirable  proportion 

of 22 

in    cement    material,    desirable 

form  of 13 

occurrence  of —  13 

in  Portland  cement,  proportion 

of 9 

"  Slab  cleavage  "  of  rock,  effect  of  in 

blasting 70 

figure  showing 71 

relation  of  to  size  of  crusher 136 

Slate,  composition  of 28 

definition  of 23 

Smeaton,    John,    cement    investiga- 
tions of 8 

Smith,  S.  S.,  acknowledgment  to 1 

"  Snake  holes,"  drilling  of,  method 

of 58 

use  of  in  dipping  beds 57,  58 

Snelllng,  W.  O.,  cited 74, 95 

Souder,  Harrison,  on  use  of  detonat- 
ing fuse 86 

Spacing  of  drill  holes,  factors  deter- 
mining   54,  55 

Specifications  for  cement  material —  20 

for  Portland  cement 14 

Springing  of  drill  holes 48.  59 

See  <Uso  Blasting,   chambering, 
drill  holes,  explosives. 

Steam  power,  economy  in  use  of 35 

Steam  shovels,  advantages  of 119 

capacity  of 119 

disadvantages  of 119 

for    removing    overburden,    use 

of 36,  38,  39 

objections  to 52 

track  for,  arrangement  of,  figure 

showing 122 

Steam-shovel  loading,  cost  of 120, 139 

disadvantages  in 121, 122 

efficiency  in,  essentials  of 123 

relation  of,  to  blasting  efficiency.  93 
Stemming,   depth    of   in   drill   holes, 

example    of 88 

effect  of 74 

Intermediate,   use  of 76 

materials  for 74 

proper   amount   of 75 

Storage  bins,  advantage  of  in  mix- 
ing  142,  143 

incomplete  mixing  in,  example  of  147 

mixing  in,  example  of 147 


Stripping,  hydraulic,  method  of 40 

view    of 41 

methods   In 86-42 

with  steam  shovel,  cost  of 39 

view    of 40 

See  al90  Overburden. 
Sulphur  trioxide  in  Portland  cement, 

proportion    of 9 

T. 

Tamping,  methods  of 75 

with  drill,  danger  from 75 

.Track  arrangement,  for  gravity  haul- 
age, figure  showing 133 

for    quarry    with    four    levels, 

figure    showing 130 

for     quarries     with     low     face, 

figure  showing 129 

Tracks,  quarry,  maintenance  of,  im- 
portance of 128 

Tramways,  aerial,  use  of  at  quarries.  127 
Transportation  to  market,  facilities 

for,  importance  of 149 

Transported  clay,  definition  of 21 

Tricalcic  silicate  in  Portland  cement, 

importance  of 11 

Trinitrotoluene  "  booster,"  use  of —  78 

in  detonating  fuse,   use  of 80 

sensitiveness   of 83 

use  of  advantage  in 53 

disadvantages    in 48 

for   unsound    rock 50 

in  primary  drilling 43 

limiting  height  of  benches 

for 49 

Tufa,  calcareous,  definition  of 17 

"  Tunnel  *'   blast,   example  of 60 

"  Tunnel  "  blasting,  cost  of 69 

maximum  heighth  of  face  for —  60 

method   of 59 

U. 

United  States,  cement  industry  in —  4-6 

W. 

Wagon   drills,   advantages   of 49 

limiting   heights   of   face 49 

use  of  in  primary  drilling 43 

See  also  Drills. 

Walls,  quarry,  features  determining 

direction    of 33 

Washing  of  cement  rock,  advantages 

of 42 

Water,  in  drill  holes,  effect  of 73 

removal    of 73 

White,  Canvass,  cement  patent  of —  4 

Wiring  of  shots,  methods  of 78 
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PREFACE. 


At  its  tenth  regular  session  in  1913  the  Utah  Legislature  provided 
for  the  establishment  of  a  metallurgical  research  department  in 
connection  with  the  State  school  of  mines  of  the  University  of  Utah. 
As  stated  in  the  act  providing  for  this  department  (Laws  of  Utah, 
1913,  ch.  102,  sec.  2,  pp.  199-200),  the  purposes  of  this  research 
department  have  been  to  conduct  experiments  and  research,  either 
alone  or  in  cooperation  with  the  Federal  Bureau  of  Mmes  and  other 
agencies,  with  a  view  of  finding  ways  and  methods  of  profitably 
treating  low-grade  ores,  of  obtaining  other  information  that  shall 
have  for  its  object  the  benefit  of  the  mining  industry  and  the  utiliza- 
tion and  conservation  of  the  mineral  resources  of  the  State,  and  to 
publish  and  distribute  bulletins  and  articles  relating  to  the  depart- 
Vent  and  its  work. 

This  act  became  effective  in  July,  1913.  In  January,  1914,  the 
imiversity  made  a  working  agreement  with  the  Federal  Bureau  of 
Mines.  By  the  terms  of  this  agreement  the  work  of  the  metallurgical 
research  department  is  under  the  direction  of  metallurgists  of  the 
Bureau  of  Mines  assigned  to  duty  at  the  university  and  Salt  Lake 
City.  From  January,  1914,  to  July,  1916,  D.  A.  Lyon,  metallurgist, 
was  in  charge  of  the  work,  assisted  by  O.  C.  Ralston  and  other 
members  of  the  metallurgical  staff  of  the  bureau  who  were  on  duty 
at  Salt  Lake  City. 

As  a  part  of  the  cooperative  agreement,  the  University  of  Utah 
provides  five  metallurgical  fellowships.  The  fellowships  are  awarded 
to  graduates  of  colleges,  preferably  of  mining  schools,  who  have  shown 
special  aptitude  for  research  investigations.  Their  employment 
extends  over  the  entire  12  months. 

Aside  from  O.  C.  Ralston,  the  experimenters  mentioned  in  this 
bulletin  in  connection  with  the  work  were  holders  of  these  fellow- 
ships. Persons  desiring  further  information  regarding  the  coopera- 
tion between  the  university  and  the  bureau  are  referred  to  Bulletin 
157,  Bureau  of  Mines,  pages  9-11. 

Van.  H.  Manning, 

Director. 


RECOVERY  OF  ZINC  FROM  LOW-GRADE  AND 

COMPLEX  ORES. 


By  DoBSEY  A.  Lyon  and  Oliver  C.  Ralston. 


INTRODUCTION. 

Vola4;ilizatioix  in  retorts  has  been,  until  recently,  the  only  com- 
mercial process  of  producing  spelter,  hence  the  zinc  mine  operators 
have  had  to  meet  the  terms  of  the  zinc  smelters  in  regard  to  the 
following  requirements:  (1)  Minimum  percentage  of  zinc  the  ore 
must  contain;  (2)  the  chemical  combination  of  the  zinc  in  the  ore; 
(3)  the  proportion  present  of  those  elements  that  interfere  with  the 
successful  recovery  of  the  zinc  when  the  ore  is  retorted.  In  conse- 
quence of  these  requirements,  only  a  comparatively  small  propor- 
tion of  the  zinc  ores  mined  can  be  shipped  directly  to  the  smelters. 

ZINC   ORES   AND   CONCENTRATES   SUITED   TO   RETORT 

SMELTING. 

Under  normal  conditions  the  low  limit  of  zinc  in  ores  suited  to 
retort  smelting  is  about  25  per  cent  for  oxidized  ores  and  about  35 
per  cent  for  sulphide  ores.  Consequently  the  ores  or  products  suited 
to  zinc  smelting  in  retorts  may  be  obtained  from — 

1.  Zinc  ores  free  from  interfering  elements. 

2.  Concentrates  of  zinc  ores  or  of  zinc-lead  ores. 

3.  Concentrates  of  mixed  and  complex  ores,  containing  gold,  silver, 
lead,  copper,  zinc,  etc. 

Table  1,  compiled  from  statistics  published  in  the  Mineral  Resources 
of  the  United  States  for  1914,  shows  the  principal  zinc  producing 
States  and  the  kind  of  ores  mined  in  them.  The  zinc  produced 
from  ore  mined  in  Missouri,  Kansas,  Illinois,  and  Wisconsin  comes 
from  sulphide  (blende),  carbonate,  and  silicate  of  zinc;  in  other 
words,  from  class  1.  The  zinc  produced  in  Utah  and  in  Idaho, 
Montana,  Colorado,  and  Nevada  is  largely  from  classes  2  and  3,  or 
lead-zinc  ores,  the  zinc  being  separated  from  the  lead  when  the 
metallic  minerals  of  the  ore  are  separated  from  the  worthless  gangue 
by  some  form  of  mechanical  concentration. 
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RETORT  SMBLTIKG.       '^'  13 

As  stated  previously,  and  as  wUl  be  shown  later,  a  large  part  of 
the  valuable  mineral  content  of  the  ore  is  lost  in  effecting  this  con- 
centration. 

As  a  result  of  the  other  requirements  that  have  to  be  met  in 
zinc  smelting,  much  zinc  is  lost  in  the  mining  and  miUing  of  zinc  ore. 

ZINC  LOSSES  IN  MINING  AND  MILLING. 

LOSSES  nr  mining. 

In  mining  the  ore  the  zinc  losses  aggregate  a  large  tonnage. 
These  losses  are  due  to  several  causes;  for  instance,  in  the  average 
western  lead  mine  the  zinc  ore  remains  as  a  shell  around  stopes  from 
which  the  oxidized  lead  ores  have  been  taken.  In  most  mines  the 
lateral  extent  of  these  shells  is  unknown,  and  as  they  generally  carry 
too  little  metal  to  warrant  mining  at  present,  they  are  not  removed. 
Later,  the  lead-ore  stopes  are  filled  with  waste  and  the  zinc  in  these 
surrounding  shells  is  lost.  Figure  1**  shows  the  present  soiu'ces  of 
zinc  and  the  ores  not  utilized. 

LOSSES  IN  MILLING. 

As  only  a  small  proportion  of  the  zinc  ores  mined  in  the  United 
States  contains  enough  zinc  to  warrant  direct  smelting,  separation 
of  the  valuable  minerals  from  the  gangue  by  some  method  of 
mechanical  concentration  is  generally  necessary. 

For  the  sake  of  convenience,  the  concentrating  processes  used 
are  considered  herein  in  the  following  order; 

1.  Hydromechanical  processes. 

2.  Electromechanical  processes, 
(a)  Electromagnetic, 

(6)  Electrostatic. 

3.  Flotation  processes. 

HYDROMECHANICAL  PROCESSES. 

In  treating  zinc  ores  by  hydromechanical  processes  the  object  is 
to  obtain  a  concentrate  that,  if  necessary  may  afterwards  be  sepa- 
rated into  a  zinc  product  and  a  lead  product,  or  into  a  zinc  product 
and  a  product  that  may  contain  lead,  copper,  gold,  and  silver,  and 
is  sent  either  to  a  lead  or  to  a  copper  blast  furnace. 

As  stated  previously,  a  large  proportion  of  the  zinc  and  lead 
minerals  is  often  lost  in  the  tailing  when  any  ore  mined  for  its  zinc 
or  lead  content  is  treated  by  hydromechanical  concentration.  As 
one  of  the  functions  of  the  Federal  Bureau  of  Mines  is  to  coiiduct 
investigations  looking  to  the  prevention  of  mineral  waste,  the  bureau 

a  Lyon,  D.  A.,  and  Arentz,  S.  S.,  Losses  of  zinc  in  mining,  milling  and  smelting;  Trans.  Am.  Inst.  Uin. 
Eng.,  ToL  40,  1915,  p.  7W. 
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has  for  some  time  been  conducting  investigations  in  i3i6  Wiscon&in<> 
and  the  Missouri  ^  zinc  fields  in  order  to  ascertain  the  causes  of  the 
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Carbonate  or  sulphide 
sine  ore  above  30 
per  cent  sine. 


Zinc  carbonate,  oxide, 
or  silicate  under  35  per 
cent  sine.  Benwfng  In 
mine. 


Salj^iide  ore.  Low 
grade  sino-iron  or 
mixed  sulphide  ore. 
Micro-crystalline 
sulphides,  low  gold- 
silver  values.  Re- 
mains in  mine. 


X  Ftrst-classlead  ore 


trace  to  15  per 
cent  sine. 


Mixture  of  sine  carbonate, 
sine  silicate,  oxidised  and 
sulphide  lead. 


Sulph 


ide 


Concentrating  milL 

1 


Above  30  per 
cent  sine. 


talilngs 
dump. 


o 

a 


Concentratinf;  miU. 


s 
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d 
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Dumpi 


Rerireatment 
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r 
Lead  smelter. 


4 
81i«. 


Baghoii9e. 
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Iron-Go 
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Stuck, 
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or  blast  fonace. 


Tkotntx  1.— Present  teorce  of  sine,  and  abo  orM  not  utilised. 

losses  in  milling  zinc  ores  in  those  States,  and,  if  possible,  to  devise 
improvements  in  the  processes  used. 

a  Wright,  C.  A.,  Mining  and  milling  of  lead  and  sino  ores  in  the  Wisconsin  district,  Wiseonsto:  Tech. 
Paper  95.  Bureau  of  Mines,  WIS,  39  ppi 

b  Wright,  C.  A.,  and  Buehler,  H.  A.,  Mhihig  and  mUling  of  lead  and  sino  ores  in  the  Missoori-Ki 
Oklahoma  zinc  district,  Bull.  154,  Bureau  of  Mines,  1918, 134  pp. 
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Wright  *  gires  the  foUowin^  ihtcoresling  data  on  the  efficiency  of 
hydromechanical  concentration  in  the  Joplin  district.  The  ores 
require  the  simplest  form  of  hydromechanical  concentration. 

Efficiency  of  concentrating  metkodi  in  the  JopUn  dittrict. 

QuaoJity  of  ore  thiou^  mill,  tons 309.70 

Qaaatity  of  sine  concentrate  produced,  tons 9.235 

Aaaay  of  zinc  concentrate,  per  cent  Zn 89. 

Quantity  of  blende  (ZnS,  67  per  cent  Zn)  in  concentrate,  touB.  8. 132 

Quantity  of  tailing,  tona 300.465 

Assay  of  tailing  from  mill  (0.96  per  cent  Zn)  per  cent  ZnS 1. 43 

Loss  of  blende  (ZnS)  in  tailing,  tons 4. 296 

Total  quantity  of  blende  (ZnS)  in  ore  through  mill,  tons 12. 428 

Total  recovery  of  blende  through  mill,  per  cent 65. 43 

The  average  loss,  therefore,  in  the  concentration  of  zinc  in  the 
JopUn  district  is  35  to  40  per  cent.  There  are  heavy  losses  in 
smelting.     The  total  loss  reaches  nearly  50  per  cent. 

BIiEGTKOHEGHAKICAIi  PBOCESSBa 
MAGNETIC  SEPARATORS. 

A  magnetic  separator  contains  a  set  of  magnets  by  which  para- 
magnetic or  weakly  magnetic  minerals  brought  into  the  magnetic 
field  are  influenced  in  such  a  manner  as  to  effect  the  desired  separa- 
tion. For  example,  a  mixed  sulphide  ore  crushed  to  the  required 
degree  of  fineness  and  passed  over  a  wet-concentrating  table  yields 
a  gaiena-pyrite  product  and  a  pyrite-blende  product.  If  the  latter 
product  be  parsed  over  a  magnetic  concentrator,  such  as  the  Wetherill, 
two  products  are  obtained:  (1)  A  blende  product — assaying  about 
50  per  cent  zinc,  10  to  12  per  cent  iron,  and  1  per  cent  lead — ^which 
is  sold  to  the  zinc  smelters;  and  (2),  a  pyrite  product,  containing 
some  lead  and  about  5  to  7  per  cent  zinc,  which  is  mixed  with  the 
gaiena-pyrite  product  from  the  concentrating  tables  and  is  sold 
to  the  lead  smelters,  for  whom  it  is  a  desirable  ore.  When  this  ore 
is  smelted  in  the  lead  blast  furnace,  the  zinc  is  lost  in  the  slag  and 
fume. 

ELECTROSTATIO   SEPARATORS. 

Electrostatic  separators  are  based  on  the  difference  in  electrical 
conductivity  of  different  minerals  and  on  the  attraction  of  bodies 
having  opposite  electrical  charges.  Most  of  the  gangue  minerals 
and  some  of  the  metallic  sulphides,  for  example,  blende,  are  poor 
conductors,  whereas  many  metallic  sulphides  and  other  minerals 
are  good  conductors,  as  pointed  out  by  Richards:  ^ 

•  Wright,  C.  A.,  lllnaigtfid  tnatoMBtof  had  and  slnoorMiB  the  JopUadtotriot*  IClnoarl,*  pnUmJnary 
loport:  Tech.  Paper  41.  BureBu  of  Mines,  1913,  p.  30. 

*  Richards.  Robert  H.,  On  draMiog,  T«l.  S»  U09,  ^  1A«L 
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If  a  mixture  of  good  and  poor  conductor,  in  a  neutral  state,  be  dropped  upon  a 
highly  charged  conducting  surface,  the  good  conduct<m  immediately  receive  a  charge 
similar  to  that  of  the  sur^e  and  -are  repelled,  while  the  poor  conductors  are  much 
more  loath  to  receive  the  chaige  and  therefore  not  so  readily  repelled.  If,  however, 
a  material  charged  to  a  high  potential  of  the  opposite  sign  be  f  ed^to  the  above-mentioned 
surface,  the  good  conductors,  as  before,  assume  immediately  the  condition  of  the 
charged  surface  and  are  repelled,  while  the  very  poor  conductors,  carrying  a  chaige 
opposite  to  that  which  the  surface  carries,  by  the  above  law,  tend  to  cling  to  that 
surface,  thus  making  a  sharper  division  of  the  separation.  Theoretically  the  separation 
of  two  minerals  does  not  require  that  one  of  them  be  a  very  good  conductor  and  the 
other  a  very  poor  conductor,  but  merely  that  there  be  a  difference  in  the  degree  to 
which  they  will  conduct  electricity.  Oonunercially,  of  course,  there  are  limits  to 
this. 

At  Midvale,  Utah,  near  Salt  Lake  City,  at  the  plant  of  the  United 
States  Smelting,  Refining  &  Mining  Co.,  an  electrostatic  concentrat- 
ing plant  has  been  in  operation  since  1909,  that  is  said  to  save  5,000- 
000  to  7,000,000  pounds  of  zinc  annually  which  before  had  gone  to 
waste.  Zinc-iron  middlings,  partly  furnished  by  the  company's 
concentrator,  partly  from  custom  ore  from  the  district,  are  passed 
over  a  Huff  separator.  MacGregor  ®  states  that  the  '^feed"  to  the 
mill  assays  approximately  0.04  ounce  gold,  2.5  ounces  silver,  2.5 
per  cent  lead,  1  per  cent  copper,  23  per  cent  iron,  28  per  cent  zinc; 
the  separated  zinc  product  assays  48  to  50  per  cent  zinc  with  3  to  5 
per  cent  iron,  and  the  iron  product  10  per  cent  zinc.  Most  of  the  gold, 
silver,  copper,  and  lead  is  found  in  the  iron  product,  and  thid  product 
is  smelted  in  the  company's  lead  furnaces. 

The  iron  product  contained  about  10  per  cent  zinc.  The  assays  of 
other  products,  as  given  by  MacGregor,  show  the  same  thing;  that 
is,  in  the  '*iron  product"  or  the  '* copper  product" — ^the  product 
that  goes  to  the  blast  furnace  and  from  which  the  greater  part  of  the 
zinc  has  been  separated — there  is  still  anywhere  from  8  to  12  per 
cent  zinc,  and  the  zinc  in  this  product  is  not  recovered. 

FLOTATION  PROCBSSES. 

In  order  to  concentrate  a  zinc  ore  by  flotation  it  is  generally 
necessary  to  heat  the  pulp  and  to  use  acid.  If  the  ore  contains  both 
lead  and  zinc  the  minerals  carrying  these  metals  are  floated,  and  the 
load-bearing  minerals  must  be  separated  from  the  zinc-bearing  min* 
erals.  In  order  to  effect  such  a  separation,  Horwood,  of  Australia, 
devised  a  selective  or  preferential  process.  The  following  statement 
in  regard  to  this  process  is  taken  from  Metallurgical  and  Chemical 
Engineering  *. 

Selective  flotation  by  Horwood' s  process. — The  Broken  Hill  correepondent  of  the  Aub- 
tralian  Mining  Standard,  January  15,  1914,  states  that  the  succeeBful  establiriiauBt  of 

a  MacGragor,  F.  8.,  ProgTMS  in  electrostatic  ore  dressiiig:  Trans.  Am.  Electrodiem.  Soc.,  toI.  M,  1918» 
p.  352. 
»  News  item,  Selective  flotation  by  Horwood's  process:  Met.  and  Cfaem.  Eng.,  vol.  13,  May,  1914,  p.  360. 
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the  Horwood  proceas  of  selective  flotatioii  at  the  works  of  the  Zinc  Corporation  was  one 
of  the  metaUuigical  achievements  of  1913.  The  principle  of  this  process  is  the  roasting 
of  mixed  lead-zinc  concentrates  obtained  by  flotation,  whereby  the  lead  particles  are 
slightly  Bulphatized  while  the  zinc  is  unaffected.  On  floating  the  roosted  product 
the  zinc  alone  floats  and  the  lead  remains  submerged. 

A  plant  having  a  capacity  of  500  tons  weekly  has  been  in  operation  for  over  six 
months,  treating  current  and  accumulated  slime  concentrates.  The  slimes  are  first 
dewatered  and  washed  to  remove  soluble  salts,  then  lightly  roasted  in  an  Edwards 
furnace,  and  finally  treated  again  by  flotation.  Typical  actual  results  from  this  plant 
are  as  follows: 


Feed  to  roaster. 
Zinc  conoentiate 
Lead  reeldiie. . . 


Zinc, 
percent. 


40.4 
48.7 
10.2 


Lead, 
per  cent. 


14.0 

6.2 

44.2 


Silver, 

Of.  per 

ton. 


2L4 
1L6 
M.0 


The  grade  of  the  lead  is,  of  coiuse,  dependent  on  the  amount  of  gangue  in  the  feed. 

Tests  made  on  Tasmanian  ores  show  that  85  to  90  per  cent  of  the  zinc  can  be  recovered 
as  a  concentrate  assaying  57  to  58  per  cent  zinc,  while  the  lead  will  remain  with  the 
iron  content  of  the  ore.  From  75  to  80  per  cent  of  the  silver  content  of  the  ore  and  about 
90  per  cent  of  the  gold  will  accompany  the  lead  residue. 

Other  differential  flotation  processes  that  have  been  more  recently 
developed  are  mentioned  on  a  later  page  of  this  bulletin. 

ZIKO  BBOOVBBY    BY  DIFFBBBNT  OOKOBNTBATIOK  PBOCE88B8. 

Table  2  following  shows  the  average  recovery  of  zinc  by  various 
standard  concentration  processes.  Most  of  the  present  processes 
rarely  give  a  clean  separation  of  lead  and  zinc;  the  product  that  goes 
to  the  zinc  smelter  contains  considerable  lead,  and  vice  versa,  the  zinc 
contained  in  the  lead  product  or  the  lead  in  the  zinc  product  being 
lost.  Only  the  zinc  lost  in  smelting  lead  concentrates  in  a  blast 
furnace  is  considered;  the  flotation  of  zinc  ores  is  described  in  a 
later  chapter. 

aeios'— ifr— Buu.  168 — a 
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Tablb  2. — lUoovmy  of  tine  hjf  varioua  eoncefUraHon  proetmm,^ 


Zinc  in 

itXIOOOD- 

oentrate, 
PBFoont. 


Zinoln 
]>roduot 

KOillff 

totoiid- 

blast 

furnace, 

p0r  oQtt. 


F«r  cent  raoovwed. 


Zb. 


Pb. 


Ordinvy  wet  eMMsntmlton: 

Daly  W«et,  Park  aty,  Utah 

Daly  Jndm,  Park  afy,  Utah 

Bimalo  Hnmp  Mtniiig  Co.,  Bnrke, 
Idaho , 

Joplin,  Mo 

Watheilll  maciMtlo  » 

Hair  alectrostatle  « 


fi0.0 
M.0 

25.0 
65.43 


Oft.0 
03.0 

go.o 


7M) 

Tio 

8B.0 


Potter-Dalprattf. 


60.0 
48-50 
41.3 
49.3 


5-7 
10.0 
12.0 

8.0 


M.2 


38.6 


'6ai' 


rioio 

Da  Bavay  4 hoii 

|l012 

Elmore  vaouomtf 

Ifinerals  Separation  prooeas. 

Horwood  flotation  process. 

Hyde  flotation   process  at   Butte   and 
Superior 


48.1 
48.4 
49.2 
46.0 


11.7 
14.2 
16.6 
16.84 


85.4 


}■ 


48.7 


10.2 


{ 


88.1 
86.4 


74.8 

'e2.*6 


80.1 


83.4 

80.0 


}Forl01S. 


«  Lyoii.  D.  A.,  and  Aranti,  8.  8.,  Losses  of  ainc  In  mlninf ,  milltng,  and  smelting:  Trans.  Am.  Inst.  Km. 
EnS;;,  vol.  49,  1915,  p.  799. 
»  c:  ngineenng  and  Mining  Journal,  Magnetic  separation  of  ibio  blende  at  DenTV,  Colo.,  t«L  74,  Aug.  16, 


1902,  D.  21  < 

c  Ma 
p.  862 


acGragor,  P.  8.,  Progress  in  electrostatic  ore  dressing:  Trans.  Am.  Electroobem.  8oo^  v<qL  21, 191Z, 


4  Hoover,  T.  J.,  Conoentratiiig  ores  by  flotation,  London,  1912,  pp.  91, 07, 106. 

LOSS  OF  ZINC  IN  LEAD  SMELTING. 

In  smelting  a  zincky  lead  concentrate  in  a  blast  furnace  the  metal- 
lurgist seeks  to  get  rid  of  the  zinc  either  by  fluxing  it  with  the  slag 
or  by  volatilizing  it  as  fume,  and  this  zine  is  lost.  Not  only  does 
the  miner  receive  no  return  for  any  zinc  in  the  lead  concentrates 
he  sends  to  the  smelter,  but  he  is  penalized  if  the  proportion  of  zinc 
is  more  than  8  to  10  per  cent,  because  the  presence  of  a  larger  per- 
centage of  zinc  causes  serious  irregularities  in  the  working  of  the 
lead  furnace  and  decidedly  increases  the  cost  of  smelting  the  ore, 
more  coke  being  required  per  ton  of  ore  smelted  and  the  lead-pro- 
ducing capacity  of  the  furnace  being  lowered.  As  Anderson ' 
has  pointed  out,  it  is  impossible  to  express  in  writing  the  difficulties 
met  in  attempting  to  smelt  zincky  ores. 

To  illustrate  the  amount  of  zinc  lost  in  this  country  in  smelting 
zincky  lead  ores,  the  following  example  *  will  serve: 

A  concentrate  containing,  say,  28  per  cent  of  zinc  is  separated 
into  two  products,  one  containing,  say,  50  per  cent  zinc  and  the 
other  containing  most  of  the  gold,  sUver,  copper,  and  lead,  and 
about  10  per  cent  zinc.    Then  of  the  original  50  tons  of  concentrate 

«  AndeiBQa,  L.  D.,  Some  methods  of  recovering  aino  from  Its  ores:  Utah  Boc.  Bng.,  Salt  Lake  City,  Utah, 
May,  1916. 

b  Lyon,  D.  A.,  and  Arents,  B.  B.,  Losses  of  sine  in  mining,  milling,  and  smelting:  Trans.  Am.  Inst.  MJn. 
Xng.,  Td.  40,  lOlfik  p.  7B8w 
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ft 

there  will  be  28  tons  (more  or  less,  according  to  the  percentage  of  iron 
present)  of  product  containing  50  per  cent  zinc,  and  22  tons  con- 
taining 10  per  cent,  and  in  addition  most  of  the  gold,  silver,  copper, 
and  lead.  This  product  goes  to  the  blast  furnace,  where  ordinarily 
the  zinc  content  is  not  saved  but  is  lost  in  the  fume  and  slag.  If  the 
daily  tonnage  treated  is  only  50  tons,  the  annual  loss  of  zinc  is  almost 
1,500,000  poimds.  Moreover,  this  zinc  is  lost  for  all  time,  as  it  can 
not  be  recovered.  Evidently  the  amount  of  zinc  lost  in  this  way 
aggregates  thousands  of  tons  annually.  As  Clevenger  and  others 
have  indicated,  the  inabiUty  to  recover  this  zinc  constitutes  one  of  the 
greatest  weaknesses  of  present  metallurgical  practice,  for  the  zinc 
so  lost  represents  a  distinct  economic  waste.  In  the  prevention  of 
this  waste  lies  one  of  the  sources  from  which  in  the  future  will  be  ob- 
tained a  large  part  of  our  zinc  supply.  The  same  considerations, 
of  course,  hold  true  to  some  degree  for  lead,  for  any  lead  present  in 
ores  smelted  in  a  copper  blast  furnace  is  volatilized  and  lost. 

These  facts  are  not  to  be  considered  as  an  indictment  of  electro- 
mechanical methods  of  concentration  or  of  modem  methods  of 
copper  and  lead  smelting;  rather  they  are  presented  to  emphasize 
the  fact  that  although  mechanical  concentration  and  modem  meth- 
ods of  smelting  have  reached  a  high  stage  of  development,  their  use 
entails  a  great  loss  of  zinc,  and  that  in  the  future  it  will  quite  probably 
be  necessary  to  stop  these  wastes  in  order  to  increase  the  available 
supply  of  zinc. 

From  the  foregoing  brief  discussion  of  the  subject  the  reader  will 
note  that  certain  zinc  ores  have  not  been  treated  for  the  recovery  of 
the  zinc  because  of  the  requirements  of  smelting  in  retorts,  and  these 
same  requirements  are  indirectly  responsible  for  the  present  losses  in 
the  mining  of  many  zinc  ores. 

SCOPE  OF  INVESTIGATIONS  AT  SALT  LAKE  CITY 

STATION. 

OUTLINE  OF  WOBK. 

As  one  of  the  functions  of  the  Federal  Bureau  of  Mines  is  to  con- 
duct investigations  looking  to  the  prevention  of  mineral  waste,  and 
as  the  research  work  being  done  by  the  Salt  Lake  City  station  of  the 
Bureau  of  Mines,  in  cooperation  with  the  department  of  metallur- 
gical research  of  the  State  School  of  Mines  of  the  University  of  Utah, 
is  to  gather  and  distribute  such  information  as  will  make  possible 
the  treatment  of  low-grade  and  complex  ores  not  now  being  treated, 
the  problem  of  treating  such  zinc  ores  and  the  prevention  of  zino 
waste  was  one  of  the  first  problems  undertaken  by  the  station. 
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In  1914  a  preliminary  survey  was  made  of  the  State  of  Utah  m  order 
to  ascertain  the  nature  and  extent  of  the  various  low-grade  and  com- 
plex ore  bodies.  This  survey  showed  that  large  bodies  of  zdnc  ores  in 
this  State  have  not  been  treated  because  of  their  being  too  low  grade 
or  too  complex.  Large  bodies  of  similar  ores,  especially  oxidized  and 
semioxidized  ores,  are  in  the  adjoining  States — ^Nevada,  Idaho,  and 
Colorado.  Analyses  of  such  ores  are  shown  in  Table  3.  The  com- 
plex zinc  ores  occur  mostly  as  sulphidesi  and  their  oompoaitioii  is 
shown  in  Table  4. 
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The  work  reported  in  this  buUetin  is  outlined  by  the  table  of  con- 
tents (p.  3).  It  covers  only  the  concentration  of  zinc  ores  and 
hydrometallurgy  of  zinc,  the  smelting  of  zinc  ores  not  being 
considered. 

Tlie  zinc  ore  investigations  carried  on  thus  far  by  the  Salt  Lake 
City  station  are  as  follows: 

SULPHIDE    ORES. 

A.  Mechanical  concentration. 

1.  Ordinary  gravity  concentration. 

2.  Flotation  processeo. 

(a)  Selective  flotation. 
(6)  Differential  flotation. 

B.  Roasting  for  leaching  or  mechanical  sepaiatiaii. 

1.  Chloridizing  roasting. 

2.  Sulphate  roasting. 

(a)  In  muffles. 

(6)  In  blast  pots. 
8.  Oxidizing  roasting. 

(a)  Present  commercial  work. 

(6)  Work  at  University  of  Utah. 
4.  Magnetic  roasting. 
0.  Leaching  processes. 

1.  Acid  solvents. 

(a)  Sulphuric  acid. 
(6)  Sulphurous  acid. 

(c)  Hydrochloric  acid. 

(d)  Hydrofluosilicic  acid. 

2.  Alkaline  solvents. 

(a)  Caustic  soda. 

(6)  Ammoniacal  solutions. 

D.  Precipitation  processes. 

1.  Electrolytic  precipitation. 

(a)  Development,  and  present  status  of  process. 

(6)  Application  to  various  types  of  leaching  solutioDi. 

(c)  Zinc  dust  by  electrolytic  methods. 

2.  Chemical  precipitation. 

(a)  From  sulphate  solutions. 

(6)  From  sulphurous  acid  solution. 

(c)  From  ammoniacal  and  alkaline  solutuun. 

(d)  Miscellaneous  methods. 

E.  Dry  pfocesses. 

1.  Sulphate  roasting  and  leaching. 

2.  Igneous  concentration. 
8.  Magnetic  separation. 

OXIDIZED  ORBS. 

A.  Mechanical  concentrating  process. 

1.  Ordinary  milling  processes,  and  why  they  axe  not  applicable. 

2.  Flotation  processes. 

(a)  Selective  flotation. 
(6)  Differential  flotation. 
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B.  Roasting  processes. 

1.  Chloridizing  roastiiig. 

2.  Sulphate  roasting. 
0.  Leaching  processes. 

1.  Add  solvents. 

(a)  Sulphuric  acid. 

(b)  Sulphurous  acid. 

(c)  Hydrochloric  add. 

(d)  Hydrofluosilidc  add. 

2.  Alkaline  solvents. 

(a)  Caustic  soda. 
(6)  Ammoniacal  solutiona. 
D.  Predpitation  processes. 

(Same  as  for  sulphide  ores.) 
£.  Dry  processes. 

Igneous  concentration. 

DISCUSSION  OF  THE  WOBK  OXJTLIHED. 

MECHANICAL  CONCENTRATION  OF  ZINC  SULPHIDE  ORES. 

Most  of  the  zinc  recovered  from  sulphide  ores  in  Utah  is  from  mix- 
tures of  lead  and  zinc  sulphides.  Tlie  usual  milling  treatment  for 
such  ores  is  to  crush,  size,  or  classify  the  ore,  and  then  separate  as 
cleanly  as  possible  the  gangue  material  from  the  sulphides  with  jigs 
and  tables.  By  this  separation  of  a  mixed  sulphide  ore  a  lead  pro- 
duct and  a  zinc  product  are  obtained.  Sometimes  the  lead  product 
contains  as  much  as  10  per  cent  zinc,  or  even  more,  as  is  shown  by 
column  2  of  Table  2  (p.  18),  and  the  zinc  product  contains  a  consid- 
erable quantity  of  lead. 

As  previously  stated,  the  zinc  that  accompanies  any  lead  ore  sent 
to  the  lead  smelter  is  not  recovered,  and  the  problems  connected  with 
the  milling  of  a  zinc  sulphide  ore  are  as  follows: 

1.  Effecting  a  better  separation  of  the  lead  and  zinc  minerals. 

2.  Preventing  losses  of  zinc,  or  of  lead  and  zinc  in  the  tailing. 
The  Bureau  of  Mines  has  studied  this  problem  in  Wisconsin^  and 

in  Missouri.^  During  the  fiscal  year  1915-1916  the  department  of 
metallurgical  research  of  the  Utah  school  of  mines  had  one  '' fellow'' 
giving  his  time  to  a  study  of  the  mining  and  milling  of  complex  lead 
and  zinc  ores  in  the  Park  City  district,  Utah.  The  results  of  this 
investigation  were  embodied  in  a  report  ^  to  the  department,  from 
which  the  following  extract  is  taken: 

Introduction, — ^The  Pftrk  City  mining  district  is  sitnated  on  the  eastern  dope  of  the 
Wasatch  Mountains  and  26  miles  southeast  of  Salt  Lake  City,  which  is  west  of  the 
mountains. 

This  district  haib  been  a  continuous  and  steady  producer  of  lead-silver  ores  for  40 
years. 

•  Wright,  0.  A.,  Mining  and  milling  of  lead  and  tlno  ores  in  the  Wisconsin  district,  Wisconsin:  Tech. 
Paper  95,  Bureau  ol  Mines,  1016,  39  pp. 

6  VfiU^it  C.  A.,  and  Buehler,  U.  A.,  Mining  and  milling  of  lead  and  ilnc  orea  in  the  MiSBouri-Ki 
Oklahoma  lead  and  linc  district:  Bull.  164,  Bureau  of  Mines,  1918,  ISS  pp. 

«  BUXU,  O.  F.,  Mining  and  milling  of  complex  lead  and  dnc  ores  in  the  Park  City  distrlot,  Utah. 
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PrtxhecMofi. — Hie  tote!  jTrodvctioD  of  Ihe  dwbnct  has  been  $156,500,000,  ci  which 
f42,000,000  htm  been  paid  in  divideiide.    In  1915  the  distriet  shipped  M,7fK^  tons  of 

crude  ore  and  concentrates,  valued  at  about  $4,000,000. 

Total  produjciion  of  metals  up  to  January  1, 1915,'^ 

Gold,  ounces. 4, 058, 315 

Silver,  ounces 125, 707, 056 

Lead,  pounds 1,  ISO,  145, 128 

Copper,  pounds 25, 943, 492 

Zinc,  pounds 48, 081,  726 

Total  value $152,454,586 

In  addition  to  the  producing  mines  there  are  several  properties  which  are  now  doing 
dev^opm^it  work  *  *  *  outside  the  prodacing  area,  and  without  doubt  some 
ol  these  will  become  producen.  Present  (war)  prices  of  metals  have  so  stimulated 
production  that,  if  it  continues  for  another  year  at  the  present  rate,  this  district  will 
have  jNTodttced  more  metals  than  in  any  other  year  of  its  history. 

The  names  of  the  shippers  from  the  Park  City  district  during  the  year  1915  are 
ffY&k  in  Table  5  following,  with  the  tonnage  and  kind  of  products  shipped.  This 
table  is  compiled  from  the  annual  review  number  of  the  Salt.  Lake  Mining  Review, 
Januaiy  15, 1916: 

Table  5. — Names  oj  shippers  from  Park  City  dutrict  during  1916^  with  tonnage  and 

producis  shipped. 


riiipped. 

BflgES,  E.  J Pb-I^Q find  Zn oonosntrstds froin  mill trnting taSBiigs.............  7S2 

BigFour  Exploration. Pb-Fe  and  Zn  concentrates  from  mill  treatlxig  tailings 1,801 

Broadwater Pb-Fe  and  Zn  concentrates  from  mill  treating  tailings 1 ,  031 

ChggACo Fb-Fe  and  ZnconoentiataBfnMn  mill  treating  tailtngs 236 

Daly  Mining  Co Crude  oxidised  lead-ailver  ore  from  mine 702 

Daly- Judge  Klning  Co Crade  Pb- Ag  ore  and  Pb-Fe  and  Zn  ooncentrates  from  mine  and  mill  25, 296 

Daly- West  Mining  Co Crude  Pb-Ag  ore  from  mine  and  Pb-Fe  and  Zn  ooncentrates  from  13, 28S 

mill. 

Federal  Leaainff  Cb Crade  Pt>-Ag  on  from  Ontario  mine. 47 

QxasseUi  Ghemleal  Co Zn  ooncentrates  from  mill  retreating  Zn  middlings  from  other  mills .  51 

Keep,  G.  A Crude  Pb-Ae  ore  from  Ontario  lease 36 

Moore,  daa. Pb>Fe  and  Zn  ooncentrates  from  mill  treating  creek  tailings 424 

Mines  Opeiatizig  Co Crude  Pb-Ag  ore  from  Ontario  mine  lease 1 .  595 

Ontario  SOrer  Mining  Co. Crude  Pb-Ag  ore  from  mine 3,249 

Silver  King  Coalition Crude  Pb-Ag  ore  from  mine  and  Pb-Ag- Fe  ooncentrates  from  mill. .  43, 380 

Silver  King  Consolidated Crade  Pb-Ag  ore  and  erode  Zn  ore  from  mine 10, 853 

Tbompson-Quincy  Mining  Co. Crude  Pb-Ag  ore  from  mine 17 

Union  Lime  &  8tone  Co Lime  rock  for  CaO  and  for  cement  manufacture 55 

Utah  Ore  Sampling  Co Ore;  prnt^asers  of  crade  ore  and  ooncentrates 413 

Western  Ore  Purohasbig  Co do 491 

Total  (tone). 102,453 

Mineral  eonftitueniM. — ^The  primaiy  minerals  are  in  the  form  ol  complex  sulphides 
of  lead,  ailver,  sine,  iron,  and  copper,  occurring  as  galena,  sphalerite,  and  some 
tetrahedrite  and  chalcopyiite.  Silver  minerals  are  known  to  exist  in  pyrite,  galena, 
and  sphalerite,  but  like  the  gold  it  is  not  known  in  what  form  it  exista  Gangue 
minerals  are  quarts  and  calcite. 

Oxidation  of  the  ores  has  extended  to  as  great  as  1,700  feet,  but  averages  between 
000  and  SOO  feet.  The  oxidation  has  not  been  complete,  and  sulphide  and  carbonate 
ores  often  occur  together.  Pyrlte  is  largely  oxidized  to  hematite  and  Umonite. 
Galena  has  been  altered  to  cerussite  and  angleaite.  Copper  has  l>een  altered  to  the 
carbonates,  malachite  and  aaurite.    Zinc  minerals  are  usually  unaltered. 

AU  of  the  above  minerals  are  closely  associated  together.  In  a  few  of  the  ore 
deposits  zinc  may  be  absent,  or  it  may  occur  in  sufficient  quantity  to  warrant  sidpping 
direct  to  zinc  smelters  without  separating  it  from  the  lead  and  iron.    This,  however, 

a  Uefkes.  V.  C,  Gold,  sflver,  copper,  lead,  and  zinc  in  Utah  in  1914,  mines  report:  Mineral  Resources 
1914,  U.  8.  Oeoi  Sarrey,  pi.  I,  MeUls,  1916,  p.  743. 
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Is  unusual.  Whenever  the  ore  contauis  lead  and  silver  minerals  in  sufficient  quantity 
it  is  often  sent  to  the  lead  smelters  as  crude  ore,  thus  losing  all  the  zinc,  in  addition 
to  being  penalized  for  the  same. 

HISTORY  OF  EARLY  MILLINO  IN  PABK  OITY. 

As  was  the  case  in  many  western  mining  camps  in  the  late  sixties  and  early 
seventies,  only  the  high-grade  ore  could  be  hauled  24  miles  to  the  railroad  and  then 
freighted  to  the  smelters  in  Omaha,  Nebr.  Thus  we  find  in  1874  and  1875  attempts 
made  by  the  Marsac,  McHemy,  and  Ontario  mining  companies  to- crush  the  ore  in 
small  20-stamp  mills  and  amalgamate  the  rich  silver  ores. 

In  1879  crude  amalgamation  gave  way  to  chloridizing  roasting  and  pan  amalgama- 
tion. The  Ontario  mill  doubled  its  number  of  stamps,  installed  two  Stetefeldt  fur- 
naces, 24  pans,  and  12  settlers,  making  it  one  of  the  largest  and  best  mills  of  its  kind. 

In  1880  the  Marsac  mill  was  remodeled  and  equipped  for  a  lixiviation  process.  It 
was  here  that  the  Russell  lixiviation  process  was  developed.  Mr.  Russell  attempted 
to  treat  silver  ores  containing  high  percentages  of  lead.  The  bullion  produced  was 
correspondingly  high  in  lead.  He  found  that  lead  could  be  separated  from  a  hypo- 
sulphite solution  by  the  addition  of  sodium  carbonate  without  precipitating  any 
copper  or  silver,  thus  removing  the  main  difficulty  encountered  in  the  treatment  of 
lead-silver  ores  by  the  lixiviation  process. 

The  first  attempt  toward  wet  concentration  was  in  1878,  when  the  tailings  from  the 
Marsac  and  Ontario  mills  were  treated  on  the  McKim  concentrator — a  crude  vanner 
composed  of  an  endless  canvas  belt  on  a  5  by  15  foot  frame  with  rollers  on  the  ends. 

In  1886  the  Oresent  Mining  Go.  built  the  first  wet  concentration  mill,  in  which  they 
installed  fine-crushing  machinery  and  seven  Frue  vanners.  During  the  next  10 
years  most  of  the  larger  companies  installed  wet  concentration  machinery  in  the  shape 
of  Hartz  jigs  and  Frue  vanners. 

Modem  wet  concentration  in  the  Park  Gity  districts  began  with  the  installation 
of  the  Wilfley  table  in  the  Daly  West  mill  in  1895.  Wet  concentration  to  this  date 
had  been  entirely  on  Hartz  jigs  and  vanners. 

Zinc  was  discarded  as  a  waste  product  untU  1907,  when  the  Daly  Judge  mill  began 

saving  zinc  middlings  for  treatment  in  the  Grasselli  Ghemical  0>.  mill.    Only  one 

other  attempt  had  been  made  to  save  the  zinc.    This  was  in  1902,  when  the  Park 

Gity  Metals  Go.  remodeled  the  old  Peck  concentrator  and  installed  six  Wilfley  tables, 

a  Xowell-Hoyt  roaster,  and  a  magnetic  separator.    The  mill  burned  in  1903  and  was 

never  rebuilt. 

TAHJNO  DISPOSAL. 

Tailings  from  all  of  these  mills  are  sluiced  into  the  creek  and  are  carried  down  below 
the  town  of  Park  Gity,  where  they  have  been  caught  by  dams  placed  in  the  creek 
in  1880  by  the  Ontario  Mining  Go.  The  farmers  on  the  fiats  10  and  12  miles  below 
Park  Gity  objected  to  having  these  tailings  on  their  land,  so  they  forced  the  Ontario 
Mining  Go.  to  put  in  seven  of  these  dams  on  the  various  fiats  above  them. 

These  flats  are  now  being  worked  over  for  the  zinc  minerals  they  contain.  Some 
idna  of  the  vast  tonnage  which  has  been  milled  and  the  large  amount  of  lead,  silver, 
and  zinc  ndnerals  that  have  been  discarded  as  tailings  from  the  early  and  even  the 
more  modem  mills  may  be  obtained  from  samples  and  data  taken  at  plants  now  opera- 
in?  on  three  of  the  largest  flats,  namely: 

I.  Broadwater  mill,  2  miles  below  the  town  of  Park  Gity,  450,000  tons,  averaging 

1  per  cent  Pb,  4  per  cent  Zn,  and  4--5  ounces  Ag  per  ton. 

Fttr  ton. 

Lead,  at  4J  cents 10.90 

Zinc,  at  6.8  cents 4. 64 

Silver,  at  68  cents 2.61 

Total a  16 

.16X460,000»|id,668,000,  total  value  in  minerals. 
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2.  Beggis  mill,  one-half  mile  below  t)ie  Broadwater  mill:  Deposit  2,500  feet  long, 
200  feet  wide,  and  4)  feet  deep;  250,000  tons,  assaying  about  the  same  as  the  Broad- 
water; total  value  of  minerals,  12,018,000. 

3.  Big  Four  mill,  7  miles  below  Park  City;  deposit  3  J  miles  long,  500  feet  wide,  and  2 
feet  deep;  total  tonnage  available  estimated  over  1,000,000  tons. 

1.8  per  cent  Pb,  4.1  per  cent  Zn,  3.1  ounces  Ag,  Au  30  cents,  2)  per  cent  Fe,  62  per 

cent  SiO|. 

Per  ton. 

Lead,  at  44  cents. $1. 61 

Zinc,  at  5.8  cents 4. 75 

Silver,  at58cents 1.80 

Gold 30 

Total 8.46 

8.46X1,000,000^18,460,000,  total  value  in  minerals. 

Other  small  flats  will  bring  the  total  up  to  over  2,000,000  tons  of  tailings  worth  |8 
per  ton,  or  $16,000,000,  of  which  a  recovery  of  about  60  per  cent  of  the  total  mineral 
values  may  be  expected. 

TAILINO  LOSSES  OF  TO-DAY. 

Gven  .to-day  with  modem  improvements  and  up-to-date  milling  practice  the  ranc 
losses  are  extremely  large. 

At  the  Daly  West  mill  the  ''general  tails"  assayed  for  six  months  ending  No- 
vember 1, 1915,  1  per  cent  Pb,  3.05  per  cent  Zn,  2.04  ounces  Ag,  during  which  time 

an  average  of  146  tons  per  day  were  treated  or  approximately  21,900  tons. 

Par  ton. 

Lead,  at4J  cents 10.90 

Zinc,  at  5.8  cents 2. 28 

Silver,  at  58  cents 1.18 

Total 4.46 

Economic  loss,  $433  per  day  or  approximately  $65,000  in  a  period  of  six  months. 

For  the  month  of  September,  1915,  1  per  cent  Pb,  2.36  per  cent  Zn,  2.28  ounces  Ag, 

during  which  time  3,547  tons  were  treated  or  154  tons  per  day. 

Per  ton. 

Lead,  at  4}  cents $0. 90 

Zinc,  at  6.8  cents 2.  74 

Silver,  at  58  cents 1.32 

Total 4.96 

Lobs,  $482.5  per  day  or  $11,700  total. 

For  the  month  of  October,  1915,  1  per  cent  Pb,  3.1  per  cent  Zn,  2.67  ounces  Ag. 
Tonnage  milled  was  small,  being  only  1,381  or  125.6  tons  per  shift  worked. 
Owing  to  the  shortage  of  water,  the  mill  was  operated  every  other  day. 

For  ton. 

Lead,  at  4}  cents $0. 90 

Zinc,  at  5.8  cents 8.60 

Silver,  at  58  cents 1.55 

Total 6. 

Loss,  $507  per  day  or  $5,570  totaL 


zsc-  Tonr  jM  . 


^ISCnSBTlV  IT  TXS  WOKK  OVTimD. 
^wny .  -r-r-  »  r   ^.^SCZarZXAZZOK  OF  ZOTC  SUIfHIDB  OBB& 

V.-:»r  '/■  .-^  xiii'  r^-.-rfr^  fr'yrrj  sulphide  ores  in  Utah  is  from  mut- 
"--"«  -7  jt*m^  tuf',  zui-  y-^it.viis.  Tile  usual  milling  treatment  for 
J!-,  :  -r"*  n  ■■  -r-j*!,'.  'iz*  '«■  'lassifv  the  ore,  and  then  separaf*  sa 
':„-v  -  ts  :>tic«,-u*  ■r^'-  jraneu*-  mutmal  from  the  sulphides  with  jigs 
ti-  :  '.t  -..'^  til  v.n-  r^-^iitralion  of  a  mixed  sulphide  ore  a  lead  pro- 
',->■■!  t-v.  »  KHtr  prfi'lurl  are  obtained.  Sometimes  the  lead  produft 
ti'ir.'-j^T»  fc,i  HIV  fj  M  10  per  cent  anc,  or  even  mme.  as  is  shown  bj 
*-/..  jffjTj  2  of  TaJJc  2  (p.  IR).  and  the  tine  product  contains  a  consid- 
trttiii-  fjuanlily  of  Irad. 

Ai^  pn^iounly  Bt«t4>d.  the  zinc  that  acro(np«Diae  any  lead  w^seot 
to  the  If  ad  smelter  is  not  rtvovered.  and  the  prohJems  c^janorled  wilh 
the  milling  tif  a  aim-  sulpliide  ore  are  as  follows: 

1.  Kffwtinj:  a  bettor  seiwration  of  the  lead  anfi  zinc  mineirak 

2.  IVventing  Kt^st«  i4  7.\m\  ot  of  le«d  and  zinr  in  thp  lailinf:. 
The  Burr-au  of  Miiu>s  has  studied  this  problem  in  Wisdnnflin''  and 

in  Misisouri.*     Ourinr  the  Iia.-Al  vear   IftlS-lQlfi  the  «' 
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Pn^tuHon.—Uie  total  prodocdoo  of  tb«  dirtricl  hm  been  $156,600,000,  of  which 
•42,000,000  bw  beeo  paid  in  dindendfl.  In  1915  the  dbtiict  shipped  W,7W  Iraw  «1 
crude  ore  and  conceotiatas,  valued  at  about  $4,000,000. 

Total  prodwUon  ofmttaU  up  to  Janway  1, 19IS.' 

Gold,ounc« 4,058.315 

Silver,  ouncw 126,707,058 

lead,  pounds 1,188,  IM,  128 

Copper,  pounds 26.943,493 

Zinc,  pounds 48,081,728 

Total  value ?152,454,  585 

In  addition  to  tb»  produciaf;  mioM  thtf«  are  several  piopcctles  which  are  now  doii^ 
developioent  work  •  ■  <-  outoide  the  producing  area,  and  without  doubt  some 
of  theM  will  become  producen.  Present  Iwar)  prices  lA  metala  have  to  stimulated 
pvoduction  diat.  il  it  contiDues  for  another  year  at  the  present  rate,  this  district  will 
^'ve  produced  more  metals  than  in  any  other  year  of  its  history. 

The  names  ot  the  shippen  from  the  Park  City  district  during  the  year  1&15  are 
given  in  Table  5  foUowing,  with  the  tonnage  and  kind  of  products  shipped.  Tliia 
table  IB  compiled  from  the  annual  review  number  of  the  Salt,  L&ke  M'"'"g  Heview, 
January  16, 1916: 

Ta^lb  6. — JVonws  qf  ikippa-s  from  Park   City  ditiet  during  1915,  with  touTiage  and 
produets  rhipped. 

Mtam.  Piodaat,  Tcu 

Olpptd. 

25*5'  ^-  ' Fb-fB  and  Zn  eoneentratw  from  mill  titntinj;  talHnn 7M 

»>«  Four  EiplontlCQ. Pb-F«  snd  Zn  csonceatistes  [rom  mill  IidUIiib  taUuva I, (Ml 

Sf2?»Mer Pb-F«  and  ZnconcmtratealrommmtraitinK  tailings 1,011 

l?"RACt> PI>-F(iiidZBcoiioutnt«IniBiiaillCmtii«tMliiigi ZUi 

if^UtBlDgCo Cnid«(ixldlMdlettl-sUv«tai«<rommlui 702 

j;»p-Jiidj«TlInliig  Co CradBPb-ABOraandFb-rsmdZnoonCBatraMefT 

"ly-WtBtWnlBgCo Crude  Pb-Ag  ora  rnm  mliw  and  Pb-Pa  ud  Zo  I 

jj<nci.tw..::;:.:;::;; 
IS:'»S^c«»iiura:._ 

St^"  Ktnr  Cink»n<tai«i 


JoPb-Afo 

,..Pb.F«B_      .   

.  .Crude  I'b-Ag  ore  [rom  Ontario  mine  lease. . 


[nine  and  I'b-Ag-Pe  co 


*i 


nrA'orzKf  or  zac  vbom 


*      '»»f|iKi»f*i  rffimt.triji, 

\U)   ^iMi|fhurt*iiii  »i<  !♦!. 
'<  )    Mv*)mm  Itiortr  fM'i<l. 
/»   Mvtt^ttlttMntilU-iv  Held* 

/')    \iititM>itiit(-n)  Htiltili 

'        i  *i  y    \*k>*\  ■  iiittrm. 


iu?«v*t^?«umr  or  the  work  oi 

M\',«    »i  ••»t'    fn  ctHo^rituj  't*t»in  NUir»Im{e  or**s  in  L^tah  is  from  mis- 
n»4,**    .»    o.tvi    s\\\\     \K\\    *i» i; »•{».•  o?k,      P»^»  'tsual  •TTiiiirij^  TC'&tziieiit  for 

.«  «  ••\    I*   '^'^i.-'Mv^    •><     Hi'^/tr    ''.itv-Mi  '•*\»iri    ••..'  -"^iipiuuti*  with  iiiTS 


»    •    «    •  ^      ^ 


.**•      *i      •♦t\     "I'-^i'it 


•     <  I 


iitajLiist-  1  -f»Q&ia- 


»k  %    '  & 


•  %»- 


»<*■    •'^ 


u:  : 


■^    * 


«i       ^>»^.*  • 
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ProdueHon. — Hie  total  i^rodtictioii  of  the  diBlrict  has  been  $156,500,000,  of  which 
$42,000,000  has  been  paid  in  divideiids.    In  1915  the  dntrict  shipped  90,7fK^  tons  of 

crude  ore  and  concentrates,  valued  at  about  $4,000,000. 

Total  production  of  metals  up  to  January  1, 1915,'^ 

Gold,  ounces 4, 058, 315 

Silver,  ounces 125,707,056 

Lead,  pounds 1,180,145,128 

Copper,  pounds 25,943,492 

Zinc,  pounds 48, 081, 726 

Total  value $152,454,585 

In  addition  to  the  producing  mines  there  are  several  properties  which  are  now  doing 
devdopment  work  *  *  *  outside  the  producing  area,  and  without  doubt  some 
of  these  will  become  producers.  Present  (war)  prices  of  metals  have  so  stimulated 
pioduction  that,  if  it  cantinues  for  another  year  at  the  present  rate,  this  district  will 
have  jNToduced  more  metals  than  in  any  other  year  of  its  history. 

The  names  <^  the  shippers  from  the  Park  City  district  during  the  year  1915  are 
given  in  Table  5  fcdlowing,  with  the  tonnage  and  kind  of  products  shipped.  This 
table  is  compiled  from  the  annual  review  number  of  the  Salt.  Lake  Mining  Review, 
Januaiy  15, 1916: 

Table  5. — Naaus  oj  shippers  from  Park  City  district  during  1915,  with  tonnage  and 

products  shipped. 


riiipped. 

Bflg»,  E.  J Pb-Fe  and  Zn  conccutintes  from  mill  tiwthig  taOlngg 752 

BigFour  Explo»tloiL Pb-Fe  and  ZnoooGentrates  from  mill  treating  taiUngs 1,801 

Broadwater Pb-Fe  and  Zn  concentrates  from  mill  treating  tailings 1,031 

OenACo Pb-Fa  and  Znconoantiatcs  from  mill  treating  tailiiigs 236 

Da^  Mining  Ck> Crude  oxidiied  lead-ailver  ore  from  mine 702 

Baly-JndgeMinlng  Co Cmde  Pb-Ag  ore  and  Pb-Fe  and  Zn  concentrates  from  mineand  miU  25, 296 

Daly- West  Mining  Co Crude  Pb-Ag  ore  from  mlns  and  Pb-Fe  and  Zn  ooncentratea  from  12, 28S 

mill. 

Fodenl  Leasing  Cb Grade  Pb-Ag  ore  from  Ontario  mine. 47 

GrasaeUi  GhemoTcal  Co Znooncentrates  from  mill  retreating  Zn  middlings  from  other  mills.  51 

Keep,  Q.  A Crude  Pb-Ag  ore  from  Ontario  lease 36 

Moore,  daa. Pb-Fe  and  Zn  eooeenirates  from  mill  treating  creek  tailings 424 

Mbies  Operatixig  Co Crude  Pb-Ag  ore  from  Ontario  mine  lease 1 .  595 

Ontario  BXhv  Mining  Co. Crude  Pb-Ag  ore  from  mine 3,249 

Silver  King  Coalition Crude  Pb-Ag  ore  from  mine  and  Pb- Ag-Fe  concentrates  from  mill. .  43, 380 

Silver  IQng  ConsoBdated Crude  Pb-Ag^  ore  and  crude  Zn  ore  from  mine 10, 853 

Thompson-Quincy  Mining  Co.Crude  Pb-Ag  ore  from  mine 17 

Union  Lime&  Stone  Co Lime  rock  forCaO  and  for  cement  manufacture 55 

Utah  Ore  Sainplbig  Co Ore;  pnrehasers  of  crude  ore  and  concentrates 413 

Western  Ore  Purohuing  Co do 491 


Total(tana). 102.453 

ifnunii  tonflituenU, — ^The  pdmaiy  minerals  are  in  the  form  of  complex  sulphides 
of  lead,  ailver,  zinc,  iron,  uid  copper,  occurring  as  galena,  sphalerite,  and  some 
tetrahedrite  and  chalcopyrite.  Silver  minerals  are  known  to  exist  in  pyrite,  galena, 
and  sphalerite,  but  like  the  gold  it  is  not  known  in  what  form  it  exista  Gangue 
minerals  are  quarts  and  calcite. 

Qzidatton  of  the  ores  has  extended  to  as  gr^ttt  as  1,700  feet,  but  averages  between 
fiOO  and  800  leet.  The  oxidation  has  not  been  complete,  and  sulphide  and  carbonate 
oies  often  occur  together.  Pyrlte  is  largely  oxidized  to  hematite  and  limonite. 
Galena  has  been  altered  to  cerussite  and  angleaite.  Copper  has  been  altered  to  the 
carbonates,  malachite  and  asnirite.    Zinc  minerals  are  usually  unaltered. 

All  of  the  above  minerals  are  Glosely  associated  together.  In  a  few  of  the  ore 
deposits  zinc  may  be  absent,  or  it  may  occur  in  sufficient  quantity  to  warrant  siupping 
direct  to  zinc  smelters  without  separating  it  from  the  lead  and  iron.    This,  however, 


a  Ilelkes,  V.  C,  Odd,  sOver,  copper,  lead,  and  zinc  in  Utah  in  1914,  mines  report:  Mineral  Resources 
1914,  U.  8.  GeoL  Sorray,  pi.  1,  MeUls^  10i6,  p.  743. 
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B.  Roasting  processes. 

1.  Chloridizing  roasting. 

2.  Sulphate  roasting. 
€.  Leaching  processes. 

1.  Acid  solvents. 

(a)  Sulphuric  acid. 
(6)  Sulphurous  add. 

(c)  Hydrochloric  acid. 

(d)  Hydrofluosilicic  add. 

2.  Alkaline  solvents. 

(a)  Caustic  soda. 

(6)  Anunoniacal  solutionib 

D.  Precipitation  processes. 

(Same  as  for  sulphide  ores.) 

E.  Dry  processes. 

Igneous  concentration. 

DISGXTSSIOir  OF  THE  WORK  GXTTIIVEI). 

MBCHANICAL  CONCENTBATIOK  OF  ZINC  STTXf  HIDE  OBES. 

Most  of  the  zinc  recovered  from  sulphide  ores  in  Utah  is  from  mix- 
tm'es  of  lead  and  zinc  sulphides.  Tlxe  usual  milling  treatment  for 
such  ores  is  to  crush,  size,  or  classify  the  ore,  and  then  separate  as 
cleanly  as  possible  the  gangue  material  from  the  sulphides  with  jigs 
and  tables.  By  this  separation  of  a  mixed  sulphide  ore  a  lead  pro- 
duct and  a  zinc  product  are  obtained.  Sometimes  the  lead  product 
contains  as  much  as  10  per  cent  zinc,  or  even  more,  as  is  shown  by 
colunm  2  of  Table  2  (p.  18),  and  the  zinc  product  contains  a  consid- 
erable quantity  of  lead. 

As  previously  stated,  the  zinc  that  accompanies  any  lead  ore  sent 
to  the  lead  smelter  is  not  recovered,  and  the  problems  connected  with 
the  milling  of  a  zinc  sulphide  ore  are  as  follows: 

1.  Effecting  a  better  separation  of  the  lead  and  zinc  minerals. 

2.  Preventing  losses  of  zinc,  or  of  lead  and  zinc  in  the  tailing. 
The  Bureau  of  Mines  has  studied  this  problem  in  Wisconsin^  and 

in  Missouri. '^  During  the  fiscal  year  1915-1916  the  department  of 
metallurgical  research  of  the  Utah  school  of  mines  had  one  ''fellow^' 
giving  his  time  to  a  study  of  the  mining  and  milling  of  complex  lead 
and  zinc  ores  in  the  Park  City  district,  Utah.  The  results  of  this 
investigation  were  embodied  in  a  report  ^  to  the  department,  from 
which  the  following  extract  is  taken: 

Introduction, — The  Park  City  mining  district  is  sitnated  on  the  eastern  dope  of  the 
Wasatch  Mountains  and  25  miles  southeast  of  Salt  Lake  City,  which  is  west  of  the 
mountains. 

This  district  hafa  been  a  continuous  and  steady  producer  of  lead-silver  ores  for  40 
yean. 

T — * ■ 

•  Wright,  0.  A.,  Milling  and  milling  of  lead  and  sino  ores  In  the  Wisconsin  district,  Wisconsin:  Tech. 
Paper  Oft,  Bureau  of  Mines,  1916,  30  pp. 

b  Wri^t,  C.  A.,  and  Buehler,  H.  A.,  Mining  and  milHng  of  lead  and  ilno  orei  In  the  MISBOuri-Kann» 
Oklahoma  lead  and  linc  district:  BuU.  IM,  Bureau  of  Miooa,  lOlS,  188  pp. 

•  Btoit,  O.  F.,  Mining  and  milling  of  complex  lead  and  sine  ocw  in  the  Park  aty  diatilot,  Utah. 
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JProAccfftm. — Jhe  total  prodtictioD  of  the  diilrict  has  been  $156,500,000,  of  which 
f(2,000,000  has  been  paid  in  diyidends.    In  1915  the  diBtiiet  shipped  M,706  tODB  ol 

crude  ore  and  concentratefl,  valued  at  about  $4,000,000. 

Total  produUion  of  metals  up  to  January  7, 1915.^ 

Gold,  ounces 4, 058, 315 

Silver,  ounces 125, 707, 056 

Lead,  pounds 1, 136, 145, 128 

Copper,  pounds 25, 943, 492 

Zinc,  pounds 48, 081, 726 

Total  value $152,454,585 

In  addition  to  the  producing  mines  there  are  several  properties  which  are  now  doing 
development  work  *  *  *  outside  the  producing  area,  and  without  doubt  some 
ol  these  wiU  become  producers.  Present  (war)  prices  oi  metals  have  so  stimulated 
production  that,  il  it  continues  for  another  year  at  the  present  rate,  this  district  will 
have  produced  more  metals  than  in  any  other  year  of  its  history. 

The  names  of  the  shippers  from  the  Park  City  district  during  the  year  1915  are 
given  in  Table  5  following,  with  the  tonnage  and  kind  of  products  shipped.  This 
table  is  compiled  from  the  annual  review  number  of  the  Salt,  Lake  Mining  Review, 
January  15, 1916: 

Table  5. — Names  of  shippers  from  Park  City  di'^irict  during  1916^  with  tonnage  and 

products  shipped. 


riilpped. 

BflKS,  E.  J FT>-TIb snd  Zn oonosiitrstcs from  nrfll trtftttng  tfdHTTgB .............  752 

Big  Four  Exploration. Pb-Fe  and  Zn  oonoentrates  from  mill  treating  taiUngs 1,8Q1 

Broadwater Pb-Fe  and  Zn  concentrates  from  mill  treating  tailings 1, 031 

den  A  Co Pb-Fe  and  ZDconoentiates  from  oollItnatlngtaUiiigs 236 

Daty  Mining  Co Crude  oxidised  lead-aUvar  ore  from  mine 702 

Daly- JudgeMining  Co Crtide  Pb-Ag  ore  and  Pb-Fe  and  Zn  oonoentrates  from  mine  and  mill  25, 2H 

Daly- West  Mining  Co Crude  Pb-Ag  ore  from  mtaia  and  Pb-Fe  and  Zn  ooncentrates  from  12, 286 

mill. 

Federal  Leasing  Cb Crade  Pb-Ag  ore  from  Ontario  mine. 47 

OiasaelU  Chemlcai  Co Zn  oonoeiitrates  from  mill  retreating  Zn  middlings  from  other  mills .  fil 

Keep,  0.  A Cnide  Pb-Ag  ore  from  Ontario  lease 36 

Moore,  CbasL Pb-Fe  and  Znooneentntes  from  mill  treating  creek  taiUi^s 424 

Mines  Operating  Co Crude  Pb-Ag  ore  from  Ontario  mine  lease I .  .S95 

Ontaiio  BOrer  Mining  Co. Crude  Pb-Ag  ore  from  mine 3,249 

Silver  King  Coalition Crude  Pb-Ag  ore  from  mine  and  Pb-Ag-Fe  concentrates  from  mill. .  43, 380 

Silver  lOng  Consolidated Cnide  Pb-Ag  ore  and  crude  Zn  ore  from  mine 10,853 

Thompson-Quincy  Mining  Co.Crude  Pb-Ag  ore  from  mine 17 

Union  Lime  d^  Stone  Co Lime  rock  for  CaO  and  for  cement  manufacture 55 

Utah  Ore  Saxnpling  Co Ore;  pnrchasers  of  cnide  ore  and  eonoentrates 413 

Western  Ore  Purohasing  Co do 491 


Total  (torn). 102,463 

Mvnerol  eonftUuenis. — ^The  primary  minerals  are  in  the  form  ol  complex  sulphides 
of  lead,  lilver,  zinc,  iron,  and  copper,  occurring  ae  galena,  sphalerite,  and  some 
tetrahedrite  and  chalcopyrite.  Bilvw  minerals  are  known  to  exist  in  pyrite,  galena, 
and  sphalerite,  but  like  the  gold  it  is  not  known  in  what  form  it  exiatSL  Gangue 
minerab  are  quarta  and  calcite. 

Oxidation  of  the  ores  has  extended  to  aa  great  aa  1,700  feet,  but  averages  between 
600  and  800  iaet  The  oxidation  has  not  been  complete,  and  sulphide  and  carbonate 
ores  often  occur  together.  Pyrite  is  largely  oxidized  to  hematite  and  limonite. 
Qatena  haa  been  altered  to  cerussite  and  angleeite.  Copper  has  been  altered  to  the 
carbonates,  malachite  and  aaurite.    Zinc  minerals  are  usually  unaltered. 

All  of  the  above  minerals  are  closely  associated  together.  In  a  few  of  the  ore 
depoaits  zinc  may  be  absent,  or  it  may  occur  in  sufficient  quantity  to  warrant  flipping 
direct  to  zinc  smelters  without  separating  it  from  the  lead  and  iron.    This,  however, 

a  lielkes,  V.  C,  Gold,  sOyer,  copper,  lead,  and  zinc  in  Utah  in  1914,  mines  report:  Mineral  Resources 
1914,  U.  8.  Oeoi  Bnrregr,  pt.  1,  lletalt„lMft,  p.  743. 
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is  unuBual.  Whenever  the  ore  contains  lead  and  silver  minerals  in  sufficient  quantity 
it  is  often  sent  to  the  lead  smelters  as  crude  ore,  thus  losing  all  the  zinc,  in  addition 
to  being  penalized  for  the  same. 

HISTOBT  OF  EABLT  HHiLHrO  IN  PABK  CITT. 

As  was  the  case  in  many  western  mining  camps  in  the  late  sixties  and  early 
seventies,  only  the  high-grade  ore  could  be  hauled  24  miles  to  the  railroad  and  then 
freighted  to  the  smelters  in  Onuha,  Nebr.  Thus  we  find  in  1874  and  1875  attempts 
made  by  the  Marsac,  McHenry,  and  Ontario  mining  companies  to- crush  the  ore  in 
small  20-stamp  mills  and  amalgamate  the  rich  silver  ores. 

In  1879  crude  amalgamation  gave  way  to  chloridizing  roasting  and  pan  amalgama- 
tion. The  Ontario  miU  doubled  its  number  of  stamps,  installed  two  Stetefeldt  fur- 
naces, 24  pans,  and  12  settlers,  making  it  one  of  the  largest  and  best  mills  of  its  kind. 

In  1880  the  Marsac  mill  was  remodeled  and  equipped  for  a  lixiviation  process.  It 
was  here  that  the  Russell  lixiviation  process  was  developed.  Mr.  Russell  attempted 
to  treat  silver  ores  containing  high  percentages  of  lead.  The  bullion  produced  was 
correspondingly  high  in  lead.  He  found  that  lead  could  be  separated  from  a  hypo- 
sulphite solution  by  the  addition  of  sodium  carbonate  without  precipitating  any 
copper  or  silver,  thus  removing  the  main  difficulty  encountered  in  the  treatment  of 
lead-sUver  ores  by  the  lixiviation  process. 

The  first  attempt  toward  wet  concentration  was  in  1878,  when  the  tailings  from  the 
Marsac  and  Ontario  mills  were  treated  on  the  McKim  concentrator — a  crude  vanner 
composed  of  an  endless  canvas  belt  on  a  5  by  15  foot  frame  with  rollers  on  the  ends. 

In  1886  the  Cresent  Mining  Go.  built  the  first  wet  concentration  mill,  in  which  they 
installed  fine-crushing  machinery  and  seven  Frue  vanners.  During  the  next  10 
years  most  of  the  larger  companies  installed  wet  concentration  machinery  in  the  shape 
of  Hartz  jigs  and  Frue  vanners. 

Modem  wet  concentration  in  the  Park  City  districts  began  with  the  installation 
of  the  Wilfley  table  in  the  Daly  West  mill  in  1895.  Wet  concentration  to  this  date 
had  been  entirely  on  Hartz  jigs  and  vanners. 

Zinc  was  discarded  as  a  waste  product  until  1907,  when  the  Daly  Judge  mill  began 
saving  zinc  middlings  for  treatment  in  the  Grasselli  Chemical  Co.  mill.  Only  one 
other  attempt  had  been  made  to  save  the  zinc.  This  was  in  1902,  when  the  Park 
City  Metals  Go.  remodeled  the  old  Peck  concentrator  and  installed  six  Wilfley  tables, 
a  Nowell-Hoyt  roaster,  and  a  magnetic  separator.  The  mill  burned  in  1903  and  was 
never  rebuilt. 

tahjno  disposal. 

Tailings  from  all  of  these  mills  are  sluiced  into  the  creek  and  are  carried  down  below 
the  town  of  Park  City,  where  they  have  bcfen  caught  by  dams  placed  in  the  creek 
in  1880  by  the  Ontario  Mining  Go.  The  farmers  on  the  flats  10  and  12  miles  below 
Park  City  objected  to  having  these  tailings  on  their  land,  so  they  forced  the  Ontario 
Mining  Co.  to  put  in  seven  of  these  dams  on  the  various  flats  above  them. 

These  flats  are  now  being  worked  over  for  the  zinc  minerals  they  contain.  Some 
idea  of  the  vast  tonnage  which  has  been  milled  and  the  large  amount  of  lead,  silver, 
and  zinc  minerals  that  have  been  discarded  as  tailings  from  the  early  and  even  the 
more  modem  mills  may  be  obtained  from  samples  and  data  taken  at  plants  now  opera- 
in?  on  three  of  the  largest  flats,  namely: 

1.  Broadwater  mill,  2  miles  below  the  town  of  Park  City,  450,000  tons,  averaging 

1  per  cent  Pb,  4  per  cent  Zn,  and  4-5  ounces  Ag  per  ton. 

Pbf  ton. 

Lead,  at  4J  cents 10.90 

Zinc,  at  5.8  cents 4. 64 

Silver,  at  58  cents 2.61 

Total 8.15 

.15X450»000=|d,668,000,  total  value  in  minerals. 
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2.  BeggB  mill,  one-half  mile  below  tjie  Broadwater  mill:  Depoedt  2,600  feet  long, 
200  feet  wide,  and  4)  feet  deep;  250,000  tone,  aasaying  about  the  eame  as  the  Broad- 
water; total  value  of  minerals,  $2,018,000. 

3.  Big  Four  mill,  7  nules  below  Park  City;  deposit  8}  miles  long,  500  feet  wide,  and  2 
feet  deep;  total  tonnage  available  estimated  over  1,000,000  tons. 

1.8  per  cent  Pb,  4.1  per  cent  Zn,  3.1  ounces  Ag,  Au  30  cents,  2)  per  cent  Fe,  62  per 
cent  SiO,. 

Per  ton. 

Lead,  at  4^  cents. |1. 61 

Zinc,  atS.Scents 4.75 

Silver,  at  58  cents 1.80 

Gold 30 

Total 8.46 

8.46Xlt000,000=$8,460,000,  total  value  in  minerals. 

Other  small  flats  will  bring  the  total  up  to  over  2,000,000  tons  of  tailings  worth  $8 
per  ton,  or  116,000,000,  of  which  a  recovery  of  about  60  per  cent  of  the  total  mineral 
values  may  be  expected. 

TAILING  LOSSES  OF  TO-DAT. 

Bven  .to-day  with  modern  improvements  and  up-to-date  milling  practice  the  rinc 
losses  are  extremely  large. 

At  the  Daly  West  mill  the  ''general  tails"  assayed  for  six  months  ending  No- 
vember 1,  1915,  1  per  cent  Pb,  3.05  per  cent  Zn,  2.04  ounces  Ag,  during  which  time 

an  average  of  146  tons  per  day  were  treated  or  approximately  21,900  tons. 

Pttrton. 

Lead,  at  4}  cents $0.90 

Zinc,  at  5.8  cents 2.28 

Silver,  at  58  cents 1.18 

Total 4.46 

Economic  loss,  $433  per  day  or  approximately  $65,000  in  a  period  of  six  months. 

For  the  month  of  September,  1915,  1  per  cent  Pb,  2.36  per  cent  Zn,  2.28  ounces  Ag, 

during  which  time  3,547  tons  were  treated  or  154  tons  per  day. 

Per  ton. 

Lead,  at  4i  cents $0.90 

Zinc,  at  5.8  cents 2.74 

Silver,  at  58  cents 1.32 

Total 4.96 

Loss,  $482.5  per  day  or  $11,700  total. 

For  the  month  of  October,  1915,  1  per  cent  Pb,  8.1  per  cent  Zn,  2.67  ounces  Ag. 
Tonnage  milled  was  small,  being  only  1,381  or  125.6  tons  per  shift  worked. 
Owing  to  the  shortage  of  water,  the  mill  was  operated  every  other  day. 

Fttrtoo. 

Lead,  at  4)  cents $0.90 

Zinc,  at  5.8  cents 8.60 

Silver,  at  58  cents 1.55 

Total 6. 

Loss,  $507  per  day  or  $5,570  totaL 
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Sample  taken  by  Stott,  November  3,  1915,  0.88  per  cent  Pb,  2.46  per  cent  Zn,  1.8 

ounces  Ag,  4.33  per  cent  Fe,  79.9  per  cent  insoluble: 

Per  ton. 

Lead,  at  4}  cents $0.79 

Zinc,  at  5.8  cents 2.85 

Silver,  at  58  cents 1.04 

Total 4.68 

At  the  Daly  Judge  mill  the  mill  tailing  assayed,  before  the  installation  of  the 
flotation  process,  1  per*  cent  Pb,  3  per  cent  Zn,  and  2.6  ounces  Ag.  The  average 
tonnage  for  the  jrear  1914  was  118  tons  per  day  and  a  total  of  49,095  dry  tons  milled. 

Pwton. 

Lead,  at  4^  cents 10.90 

Zinc,  at  5.8  cents 3.48 

Silver,  at  58  cents L61 

Total 5.89 

Loss  per  day  (78  tonB)«$459. 
Loss  per  year=$191,300. 

At  the  Silver  King  Coalition  the  mill  tailings  assay  as  follows:  General  mill  tailing 

from  sulphide  ores,  0.7  per  cent  Pb  (fire  assay),  2.3  ounces  Ag,  2.6  per. cent  Fe 

(Jan.  10-12,  1916). 

Per  ton. 

Lead,  at 4) cents $0.63 

Silver,  at  58  cents L33 

Total .r   L96 

General  mill  tailing  from  oxide  ores,  3.64  per  cent  Ph.,  4.5  ounces  Ag. 

Per  ton. 

Lead,  at4i  cents $2.36 

Silver,  at  58  cents 2.61 

Total 4.97 

OBEEK  LEASING. 

The  above  figures  represent  the  material  that  is  daily  being  sluiced  into  the  creek 
as  tailing.  As  a  result  we  find  to-day  two  small  leasing  milk  immediately  below 
each  of  these  laiger  mills.  There  have  been  as  many  as  10  plants  operating  on  the 
creek  in  series  but  they  have  been  forced  to  quit  on  account  of  the  mills  above 
improving  their  extraction  within  the  last  year  or  two.  The  two  surviving  mills 
have  been  harly  well  designed  and  are  better  equipped  to  handle  the  poorer  grade 
of  tailing. 

A  good  insight  into  the  past  milling  practice  was  obtained  from  Mr.  Gharles  Moore, 
the  owner  of  the  two  surviving  ''Greek  mills." 

In  1900  leasers  placed  sluice  boxes  with  riffles  in  the  creek.  A  lair  shipping  con- 
centrate was  obtained.  The  next  step  consisted  of  plank  riffles  across  the  creek. 
Crude  concentrates  were  shoveled  into  a  wagon  and  hauled  down  to  a  rather  crude 
mill  consisting  of  one  Wilfley  table.  With  one  man  and  a  team  and  another  man 
operating  the  Wilfley  table  the  leasers  were  able  to  make  as  high  as  $50  a  day  and 
averaged  $30  apiece.  Thus  we  can  get  some  idea  of  how  we  can  to-day  go  7  miles 
below  town  and  find  2,000,000  tons  of- tailing  deposits  worth  $8  per  ton. 

Up  to  the  last  three  or  four  years  the  tailing  from  the  creek  assayed  8  per  cent  Pb, 
7  per  cent  Zn,  and  about  10  ounces  Ag,  indicating  that  the  Daiy  West  and  Daly 
Judge  mills  were  not  extracting  more  than  50  to  60  per  cent  of  the  lead,  20  to  30  per 
cent  of  the  zinc,  and  35  to  40  per  cent  of  the  silver  unless  the  heading  to  the 
was  considerably  higher  in  metallic  values  than  it  is  at  the  present  time. 
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MOOBB   GBEEK  LEASING  MILL. 

ThiB  mill  built  by  Mr.  Charles  Moore  at  a  cost  of  aboat  18,000  is  a  result  of  14  years' 
experience  at ' '  creek  leasings.  * ' 

One  special  feature  to  be  noticed  in  this  mill  is  the  manner  of  claaBification  of  the 
sands  and  the  entire  absence  of  crushing  machinery. 

Total  average  heading  to  this  mill  is  about  275  tons  of  solids  per  day,  assaying  1  per 
cent  Pb,  2  ounces  Ag,  and  2.5  to  3  per  cent  Zn.  Fifty  per  cent  of  this  amount  is 
removed  as  oversize  at  the  first  trommel  and  first  screen;  15  per  cent  of  the  total  is 
slime  overflow  and  is  lost  on  the  water  wheel. 

Water  in  the  creek  averages  about  1,500  gallons  per  minute  for  the  year.  During 
the  early  spring  it  is  impossible  to  settle  any  slime  <m  account  of  heavy  flow  of  water 
from  the  melting  snows.  This  lasts  for  four  or  five  weeks.  From  the  first  of  Aiarch 
until  the  first  of  August  there  is  enough  water  in  the  creek  to  furnish  power  for  running 
the  mill.  At  other  times  ^t  is  necessary  to  run  a  T-horsepower  motor  in  addition  to 
the  water  wheel,  both  of  which  are  belted  to  a  common  line  shaft,  which  drives  all 
the  machinery  in  the  mill. 

A  small  dam,  2  feet  high,  catches  the  creek  water  and  divwts  it  into  a  12-inch  by 
13-inch  laimder.  At  the  mill  there  is  a  one-half-inch  screen  set  in  the  launder  at 
about  45**  to  the  direction  of  the  flow,  and  this  removes  all  one-half-inch  oversize 
without  allowing  it  to  settle  in  the  tanks. 

Large  settling  tanks  check  the  velocity  of  the  water  and  act  as  classifiers.  The 
first  settling  tank  is  19  feet  by  19  feet  by  7  feet  high.  Nearly  all  of  the  material 
which  is  coarser  than  one-half  inch  is  caught  in  the  fiiet  two  compartments  of  this 
settling  tank.  The  first  two  compartments  dischaige  into  the  trommel  screens,  and 
the  second  two  compartments  discharge  into  a  box  with  a  one-half-inch  screen  to 
catch  any  oversize  and  wood  chips  that  might  be  carried  over.  From  the  box  the 
nndeisize  goes  into  the  second  settling  tank,  10  feet  by  12  feet  by  6i  feet  high,  which 
has  three  compartments  and  dischaiges. 

Middlings  from  each  table  are  shoveled  into  a  hopper  and  are  flushed  back  to  the 
head  of  the  table  for  re-treatment.  Lead-iron  concentrates  and  the  zinc  concentrates 
go  Into  separate  boxes  at  the  end  of  the  Wilfley  tables,  and  from  there  they  are  shoveled 
into  a  wheelbarrow  and  then  to  their  respective  bins.  When  enough  concentrate 
is  stored  up  to  make  a  shipment  it  is  shoveled  into  a  wagon  and  hauled  to  the  railroad. 

The  average  output  of  this  mill  in  24  hours  is  1  ton  of  zinc  concentrates  and  about 
one-half  ton  of  lead-iron  concentrates.  During  the  year  1914  this  mill  shipped  400 
tons  of  ainc  concentrates  and  300  tons  of  lead-iron  ooncentratea. 

Smelter  contract  calls  for: 


Gold,  $20  for  0.03  or  over. 

Silver,  95  per  cent  of  the  total  if  over  1  ounce. 

Lead,  60  per  cent  of  the  lead. 

Copper,  less  0.75  per  cent  Cu  less  4)  cents  per  pound. 

Iron,  10  cents  per  unit 


Insoluble,  10  cents  per  unit. 

Sulphur,  5  per  cent  allowed  free,  excess  25  cents  per  unit,  |3  maximum. 

Zinc,  5  per  cent  allowed  free,  excess  20  cents  per  unit,  $3  mftTiTni^m, 

Speiss,  5  per  cent  allowed  free,  excess  25  cents  per  unit. 

Base  treatment  chaige:  |2  on  a  basis  of  30  per  cent  Pb. 

Paid  10  cents  a  tmit  for  all  over  30  per  cent  Pb. 

Charges  10  cents  a  unit  for  all  under  30  per  cent  Pb. 
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Thus,  for  the  lead-iron  concentrate  assaying  20  per  cent  Pb,  15  per  cent  Fe,  1.3 
per  cent  Gu,  15  per  cent  Zn,  25  ounces  Ag,  5  per  cent  SiO,,  and  25  per  cent  S,  the 
following  would  be  the  smelter  returns  (normal  prices): 


Payment. 

Lead 110.80 

Iron 1.00 

Copper 1. 10 

Silver 13.78 


OhargM. 

Sulphur 12.50 

Zinc .^. 2.00 

Freight 2.00 

Sampling 50 

Hauling  to  railroad 50 

7.50 


Total 26.68 

Charges 7.50 

Net  from  sale  of  1  ton  of  concen- 
trates      19.18 

Smelter  contract  with  the  lola,  Kans.,  zinc  smelter  up  until  the  present  year  {Miid: 

Paynunt 

Zinc,  80  per  cent  of  zinc  on  a  basis  of  35  per  cent  Zn  or  better. 
Silver,  90  per  cent  of  the  silver  if  1  ounce  or  over. 

OliargM. 

Treatment  charge,  $15  per  ton  for  35  per  cent  Zn  or  better. 

Freight  to  smelter,  $6.80  per  ton  to  lola,  Kans. 

Thus  for  the  zinc  concentrate  assaying  2  to  3  per  cent  Pb,  8  per  cent  Fe,  89  per  cent 
Zn,  0.5  per  cent  Cu,  13  ounces  Ag,  and  20-25  per  cent  S,  the  following  would  be  the 
smelter  returns,  assuming  normal  prices: 


PaynMnt. 

Zinc $36.20 

Silver 6.79 


42.99 
22.80 


OharfM. 

Smeltering $15.00 

Freight 6.80 

Sampling 50 

Hauling  to  railroad 50 

22.80 


Net  from  sale  of  1  ton  of  concen- 
trate     20.19 

Ooits  per  day. 

Power,  $2  per  day  for  7)-horsepower  motor $2.00 

Rent  of  ground  on  creek,  $50  per  month 1.66 

Three  men  operating  mill,  at  $3.50  per  day 10.60 

Repairs,  heating,  and  extras 50 

Total  cost  per  day 14.66 

Average  output  of  the  mill  is  1  ton  of  zinc  concentrate  and  about  one-half  ton  of 
lead-iron  concentrate.    From  the  sale  of  these  concentrates — 

Lead-iron  concentrate  (i  ton) $9. 59 

Zinc  concentrate  (1  ton) 20.19 

Total 29.78 

Total  cost  per  day 14.66 

Profit 15.12 

on  an  investment  of  $8,000.    If  the  mill  works  300  days  a  year  this  represents  $4^5369 
or  56.6  per  cent  of  the  money  invested. 
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l>AIsY  WB8T  MILL. 

Ore  from  the  mine  is  divided  into  two  claases,  milling  and  crude  ore,  according  to  the 
amount  and  character  of  the  minerals  contained.  Zinc  and  silver  are  the  determining 
fiictors.  For  instance,  an  ore  containing  over  15  per  cent  Pb  and  20  ounces  of  Ag  is 
usually  shipped  as  a  crude  ore;  however,  if  it  contains  a  high  percentage  of  zinc  this 
ore  may  be  sent  to  the  mill  in  order  to  separate  the  zinc  from  the  lead  minerals. 

A  smelter  contract  with  the  American  Smelting  &  Refining  Co.  smelter  at  Murray 
calls  for  a  very  high  base  treatment  charge  and  does  not  penalize  for  zinc.  Therefore 
this  mining  comi>any  is  not  very  careful  to  save  the  lead-zinc  ores,  especially  if  they 
contain  high  sUver  values. 

Both  the  crude  shipping  and  the  milling  ores  are  complex  ores  of  lead,  iron,  silver, 
zinc,  and  some  copper  in  a  gangue  of  quartz.  As  the  oxidized  zone  does  not  extend 
below  the  400-foot  level,  all  of  tiie  ores  now  being  shipped  are  sulphides. 

The  lead  occurs  as  coarse  and  granular  galena;  zinc  occurs  in  various  forms,  the 
usual  variety  is  the  yellow  resinous  type  of  sphalerite;  another  type  is  the  granular 
sphalerite  (yellow),  also  resinous  but  very  friable.  Pyrite  here  foimd  exists  as  small 
crystals  in  relatively  small  amounts.  Copper  is  present  only  in  very  small  amounts, 
but  is  found  both  as  tetrahedrite  and  chalcopyrite.  The  silver  is  found  existing  in 
chemical  and  mechanical  combinations  with  all  of  the  above  minerals. 

The  ore  is  milled  in  a  plant  containing  jigs,  tables,  and  flotation  machines,  the  latter 
being  a  more  recent  addition  to  the  plant.  Some  data  on  this  mill  which  is  of  interest 
is  the  following: 

For  the  month  of  liay,  1915,  the  costs  for  the  flotation  plant: 

Pay  roll,  $1S0;  power,  181.60;  supplies,  $16.98.  This  makes  a  total  cost  of  $247.58. 
Assuming  that  the  plant  treated  25  tons  per  day  of  31  days,  the  cost  per  ton  of  dry  slime 
is  $0,313. 

For  the  period  of  eight  months  ending  November  1, 1915: 

Fbjper  A^^ 

MUC.  0CII1088. 

Flotation  heading 6.36  11.45 

Tailing 69  2.84 

Concentrate 26.80  29.75 

Extraction 92.45  «81.00 

For  the  month  of  September,  1915: 

Flotation  heading 6.65  11.28 

Tailing 44  2.88 

Concentrate 29.95  42.64 

Extraction 93.7  «79.9 

For  the  month  of  October,  1915: 

Flotation  heading 9.16  14.84 

Tailing 35  2.72 

Concentrate 24.80  86.62 

Extraction 97.5  «88.0 

TeH  of  the  flotation  efficiency  by  Stott^  Nov.  5,  1915, 


Pb 

Zn 

Fe 

SlOi 

Af 

Cn 

HfAdlTUEr    ...................,rTr.**.TT. 

Percent. 
8.2 
.56 
15.40 
96.5 

Percent. 

7.26 

1.82 

16.26 

83.4 

Per  cent. 
5.27 
8.01 
&88 

Percent, 
SB.  64 
79.04 
24.15 
8014 

Oz. 

11.8 

ao 

80.0 
•  91.8 

Percent. 
0.545 

Taillne. ............•.....••••••...• 

0.136 

rtmoftnlnrt* 

2.180 

E  xtmntlon 

80.6 

«F«rofiik 
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Test  made  on  the  FranUjig  effieumcy  by  SioU,  Nov,  S^  1916. 


Pb 

Zn 

Pe 

Insoluble 

Ag 

ITflftHlTlgr .».          ^ 

Percent. 

3.5 
50.6 

0.83 
7a  1 

Percent. 

4.4 
10.1 

2.46 
56.6 

Per  cent. 
7.1 
6.54 
5.05 
36.8 

Percent. 
71.3 

8.36 
78.92 
12.7 

Oz. 

5.1 

Concentrate 

44.35 

TftlHng       ,.,.   ,   _,   . 

1.0 

Eztiaotioii 

a  82.6 

a  Per  cent. 

Product  to  the  mill  is  divided  among  the  following  ratios: 

Pb,  Zn,  Ag, 

per  per  per 

cent  oent.        cent. 

Extraction,  total  of  jigs  and  tables  combined 84. 0       60. 0        62.  5 

Extraction  increased  by  flotation 12.  10.8        10.5 

Total  metallic  extraction 95.9       00.8        72.5 

There  is  not  enough  data  at  hand  to  calculate  the  losses  after  concentration,  but 
from  all  appearances  the  results  will  be  rathbr  startling.  For  instance,  an  analyaiB 
of  the  concentrates  shows: 

Pb,  Zn,       Fe,         IneoL, 

per  per        per  per        Ag, 

cent.         oent.     oent.        cent,    oanem. 

Lead-iron  concentrate 36.42        7.4    13.29    14.15    88.2 

Zinc  concentrate 3.32      37.6      7.65    26.8      33.7 

The  loss  of  zinc  in  the  lead  concentrate  and  of  lead  in  the  sine  ocmcentrate  is  a 
very  common  loss. 

DALT-JUDOE  MILLIKO  PBACTIOB. 

Ore  from  the  mine  is  divided  into  two  classes,  milling  and  crude  ore,  according 
to  the  amount  and  character  of  the  minerals  contained.  Zinc  and  silver  are  the 
determining  factors.  For  instance,  an  ore  containing  12  to  15  per  cent  lead  and  less 
than  10  per  cent  zinc  and  20  ounces  of  silver  is  shipped  as  crude  lead  ore.  If  it 
contains  less  lead  or  a  higher  percentage  of  zinc  it  is  more  profitable  to  treat  in  the  mill 
and  separate  the  lead  and  zinc  minerals  as  far  as  possible. 

Crude  and  milling  ores  are  complex  lead,  zinc,  iron,  copper,  and  silver  ores.  These 
sulphide  ores  are  identical  with  those  found  in  the  Daly- West.  Oxidation  is  limited 
to  the  500-foot  level  except  in  fissure  deposits  where  the  copper  sulphides  especially 
have  been  altered  to  carbonate  and  oxides,  yielding  azurite,  cuprite,  and  little 
chrysocolla.  The  depth  of  oxidation  in  the  fissures  is  limited  to  the  1,200-loot  level. 
Below  this  point  oxidation  is  not  important. 

The  mill  was  designed  to  treat  150  tons  of  dry  ore  in  eight  hours.  At  the  present 
time  the  mill  is  operating  two  shifts  of  eight  hours  each  and  is  treating  nearly  200 
tons  per  day. 

MiUing  coeti,  per  ion. 

1014(49,006       1015(68,085 
tons  treated),  tons  treated). 

Labor $0,386  10.3936 

Repairs  and  maintenance 088  .2230 

Supplies 1083  .2063 

Assay  office 0366  .0292 

Fuel  and  electric  power 1150  .1140 

Sundries 0381  .0326 

Cost  per  ton .7720  .9986 
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SUMS   TREATMENT   AT   THE   DALY- JUDGE. 

Slime  treatment  in  the  past  has  been  rather  difficult  owing  to  lack  of  auitable 
machinery.  AU  the  slime  prior  to  November  1,  1916,  was  treated  on  Wilfley  fine 
sand  tables  and  Wilfley  double  deck  "slimers.'' 

Average  table  concentration  of  slime  feed  for  six  months  ending  June  1,  1915: 

Table  6,— Mill  testa  at  the  Daly- Judge  mill. 
(Prayious  to  oil  flotation.) 


Material. 

Aaayt 

■ 

Total  contents 

. 

Weights. 

Pb 

Zn 

Aff 

Cn 

Pb 

Zn 

Ag 

Ca 

JUi  And  Ph  ArauumtrAtM > .  -  - 

14.27 
3.32 
71.10 
12.31 
100.00 
11.08 

7.41 
.41 

.34 

.09 

51.19 

Per 
etni. 
44.80 
0.0 
3.8 
1.2 
0.4 
2.3 

22.5 
20.5 

20.8 

30.0 

1.1 

Per 

cent, 

ia4 

45lO 

10.0 

2.0 

lao 

45.0 

13.0 
21.7 

13.0 
0.9- 
2.7 

Ot. 
p.  ton. 
40.1 
30.5 
10.1 
3.4 
14.0 
34.2 

85.1 
37.1 

35.0 

28.2 

2.8 

Per 

cent 

1.45 

2.03 

.08 

.30 

.78 

1.83 

3.03 
3.35 

2.03 
1.34 
0.20 

P«r 

cent. 

68.1 

1.8 
23.8 

1.8 

"is" 

17.7 
.9 

1.0 

.3 

6.0 

Per 

cent. 
14.0 

9.88 
73.1 

3.0 
100 
49.8 

0.1 
.8 

.4 

.1 

13.2 

Per 

cent. 
40.9 

6.1 
51.1 

3.0 

Per 

cent. 
27.2 

Jig  and  Zn  conisentmtfls     

8.3 

JlfftaillDKto  tables 

63  4 

JIf  f;aill"fr  tn  tidlraoA T  - .  -  - . 

3  3 

Heading t-t 

All  table  Zn  oonoentrate 

30.7 

18.8 
1.1 

.9 

.3 

10.2 

27  9 

Pb  concentrate,  sand  and   slime 
tables 

19.8 

Pb  oonoentrate.  upper  slime  tables 
Pb  concentrate.   DfLsement  slime 
tables 

1.3 
.0 

Pb  concentrate,  Wilfley  sUme 

IViMe  tailtni?                          .   .... 

.2 
13.5 

Recovery  f  based  on  content  afore  milled. 

Silver  (Ag) per  cent. 

Gold(Au) do... 

Lead(Pb) do... 

Copper  (Cu) do. . . 

Zinc(Zn) do... 


.  81 


Recovery  in  lead  and  zinc  concentrates. 


Total  Pb  recovered per  cent 

Total  Zn  recovered do.. 

Total  Ag  recovered do. . 

Total  Cu  recovered do. . . 

FLOTATION. 


In  lead 
concen- 
trates. 

.  56.2 

.     9.7 

.  36.0 

.  27.2 


84.6 
76.1 
55.4 


Insino 
concen- 
trates. 

1.25 

30.50 

10.80 

15.70 


Owing  to  the  complex  nature  of  the  minerals  in  the  ■lime  feed  it  has  been  found 
impossible  to  make  a  differential  flotation,  but  it  has  been  foimd  necessary  to  float 
all  the  sulphides  possible  and  then  resort  to  separation  on  Wilfley  tables.  Thus  we 
find  a  very  complicated  flow  sheet,  although  flotation  ordinarily  tends  to  simplify 
operations. 

A  3-deck  Dorr  thickener,  30  feet  in  diameter,  takes  the  slime  overflow  from  the 
settling  tank  and  three  RichardsJanney.classifiers.  The  thickened  product  contains 
approximately  15  per  cent  solids,  of  which  90  per  cent  will  pass  an  SO-mesh  screen. 
This  seemingly  thin  pulp  meets  the  flotation  re(|uirements  to  best  advantage. 

A  centrifugal  pump  elevates  the  pulp  from  the  thickener  to  a  mixing  box,  where 
the  oil  is  added  and  a  second  centrifugal  pump  discharges  the  pulp  into  a  20-foot 
Pachuca  tank,  4  feet  in  diameter,  giving  further  mixing  before  going  to  the  Callow 
flotation  cells. 
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The  rate  of  oil  feed  is  regulated  by  a  small  plunger  pump  whose  speed  can  be  altered 
by  means  of  variable-epeed  pulleys.  The  length  of  stroke  can  also  be  varied  by 
manipulating  a  lock  nut,  thus  giving  a  good  control  of  the  amount  of  oil  fed  to  the 
pulp  as  it  is  dischaiged  from  the  first  centrifugal  pump. 

After  thorough  mixing  in  the  Pachuca  tank  the  pulp  is  distributed  to  four  roughing 
cells.  The  froth  is  collected  and  cleaned  in  the  first  cleaner  cell.  Tailing  from  this 
cell  is  re-treated  in  another  cell  before  going  to  the  tailrace. 

Tailing  from  the  roughing  cells  is  thickened  in  Callow  cones,  and  receives  further 
treatment  on  two  Wilfley  tables.  The  product  caught  on  these  tables  is  the  coarser 
material  which  is  not  floated.  Each  table  yields  lead  concentrate,  zinc  middling, 
and  tailing.    The  zinc  middling  is  re-traated  on  a  separate  Wilfley  table. 

Considerable  difiiculty  is  found  in  breaking  up  the  flotation  froth  without  using  too 
much  water.  A  patent  nozzle  Jmown  as  the  Koerting  spray  has  been  found  very 
effective  in  "killing"  froth.  The  froth  after  passing  under  the  spray  is  thickened 
in  two  Callow  cones  and  the  product  fed  to  two  Wilfley  tables.  Each  table  yields 
lead-iron  concentrate  and  zinc  middling.  The  zinc  middling  goes  to  a  centrifugal 
pmnp  and  ia  elevated  to  a  third  Wilfley  table.  This  table  yields  zinc  concentrate 
and  middling,  which  is  returned  to  the  head  of  the  table  for  re-treatment. 

This  manner  of  slime  treatment  yields  concentrate  having  the  following  analysis: 

ResuUi  of  analytis  of  Blime  eoncerUraU, 


• 

SiO,. 

Zn. 

Pb. 

Fe. 

A«. 

flllm?  hfi*dl?iif  to  flofition 

Percent. 

Percent. 

4.0 

7.0 

46.0 

fiO.8 

Percent. 

2.0 
34:0 

4.5 
76.0 

Percent. 

4.0 

16.0 

4.0 

Ounea. 
4.0 

Lead-Iron  conoen  trato 

1.5 
3.6 

36.0 

Zinc  concentrate 

30.0 

Apparent  extraction 

0  53.3 

a  Per  cent. 

Zinc  concentrate  is  settled  in  two  settling  boxes  and  the  product  sent  to  the  zinc 
concentrate  bins. 

Lead  concentrate  is  thickened  in  an  8-f6ot  Callow  cone  before  being  de- watered  in 
a  small  settling  box,  and  later  taken  to  the  lead-concentrate  bins. 

SILVEB  KING  COALITION  MILLINa  PRACTICE. 

The  ore  is  divided  into  two  classes:  First  class,  crude  shipping  ore,  which  contains 
values  in  lead  and  silver  to  exceed  $17  per  ton;  second,  milling  ore  which  is  less  than 
117  in  value. 

The  first-class  ore  is  a  combination  of  lead,  copper,  and  iron,  with  a  high  silver 
value,  the  silver  being  associated  with  pyrite  and  galena.  There  is  more  or  leas 
sphalerite  and  copper  sulphides  associated  with  the  pyrite  and  the  galena,  but  not 
in  the  same  amount  and  extent  as  is  foimd  in  Daly- West  and  Daly-Judge  mines. 

Ore  bodies  have  been  oxidized  almost  completely  to  the  900-foot  level,  and  oxida- 
tion extends  even  to  the  1,200-foot  level.  The  case  is  rare  when  oxides  are  found 
below  this  point.  Thus  the  milling  ore  is  divided  into  two  classes — oxide  and  sulphide 
ores  in  the  ratio  of  two-thirds  sulphide  ores  and  one-third  oxidized  or  "carbonate" 
ores,  as  they  are  termed  locally. 

In  general  the  practice  is  to  treat  these  ores  separately.  The  mill  bins  hold  large 
tonnages  of  ores,  thus  the  mill  will  run  for  several  days  on  sulphide  ores  and  then 
will  operate  on  carbonate  ores.  Each  received  the  same  treatment  in  crushing  and 
jigging.  Ores  are  crushed  to  i  inch  and  treated  on  Hartz  jigs.  The  jig  tailing  is 
reground  in  Marcy  ball  mills  to  pass  a  SO-mesh  Callow  screen.  From  this  point  on 
the  treatment  will  depend  on  whether  the  ore  is  sulphide  or  carbonate.  Sulphide 
ores  are  sent  to  a  Callow  system  of  flotation  and  carbonate  ores  are  claarified  and 
concentrated  on  Wilfley  and  Deister  tablet. 
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SULPHIDE   SECmON. 

XJnderaize  from  the  30-mesh  Callow  screens  goes  to  three  flotation  units,  all  alike, 
and  each  will  be  described  as  one  individual  unit. 

Oil  is  added,  a  drop  at  a  time,  as  the  pulp  is  discharged  from  the  Callow  screen.  One 
thing  to  be  noted  here  is  the  absence  of  any  pulp  thickeners.  The  water  ratio  in  the 
pulp  is  controlled  by  the  water  fed  to  the  Marcy  mills.  The  pulp  dilution  is  carried 
at  about  20  per  cent  dry  soUds,  as  nearly  as  can  be  approximated. 

A  box  distributor  sends  the  pulp  to  three  3  by  14  foot  Pachuca  tanks,  each  of  which 
feeds  a  flotation  unit.  In  the  Pachuca  tanks  the  oil  and  pulp  are  emulsified.  Two 
rougher  cells  receive  the  pulp  from  the  Pachuca  tank.  The  rougher  tailing  is  elevated 
by  two  4-inch  air  lifts  to  a  second  series  of  two  rougher  cells.  These  cells  make  froth 
concentrate  which  received  further  re-treatment  in  one  recleaner  cell.  Tailing  from 
the  second  rougher  is  sent  to  waste.  Tailing  from  the  recleaner  cell  is  sent  to  a  small 
two-spigot  V-classifier  and  two  tables.  The  products  from  this  table  are  concentrate 
and  tailing  which  is  sent  to  waste.  Concentrates  from  the  first  rougher  cell,  from  the 
recleaner  cell,  and  from  the  two  middling  tables  are  combined  and  elevated  by  a  cen- 
trifugal pump  to  two  8-foot  Callow  cones.  The  thickened  product  is  filtered  by  an 
8  by  8  foot  Portland  filter. 

Extractions  previous  to  the  installation  of  the  Callow  flotation  process,  when  using 
Wilfley  tables  and  vanners,  were — lead,  96  per  cent;  silver,  82  per  cent. 

After  the  installation  of  flotation  the  total  mill  extraction  dropped  to — lead,  88  per 
cent;  silver,  73  per  cent. 

This  difference  is  due  largely  to  the  attempt  at  floating  a  30-mesh  product.  Lead 
sulphide  does  not  float  when  it  is  as  coarse  as  this. 

Oilusedis"1580Pensocola,"  and  approximately  1.15  pounds  is  used  pertonof  dry  pulp. 

These  extractions  are  taken  from  assay  sheets  for  only  two  or  three  days  and  do  not 
represent  any  long  period  of  time.  The  ore  to  the  mill  is  very  changeable  and  these 
extractions -may  be  misleading,  but  will  serve  in  one  way  to  show  what  this  mill  is 
doing.    The  same  applies  to  the  extractions  and  data  on  the  carbonate-ore  treatment. 

Data  on  treatment  o/gulphide  ores. 


Kind  of  material. 

Pb 

Ag 

Fe 

SiO, 

H^uUne  to  flotation 

Percent. 

2.4 
24.2 

0.5 
80.8 

6.4 
20.6 

2.4 
61.6 

6.2 

22.6 

.7 

Ounces. 

5.7 

40.0 

1.8 

0  71.6 

10.8 

24.4 

5.7 

0  76.8 

5.3 

34.2 

2.3 

Percent. 

5.6 

13.8 

3.6 

40.4 

10.4 

29.5 

5.6 

57.8 

8.8 

14.3 

2.6 

Percent. 

Concentrate  to  flotation 

Tailine  to  flotation 

Extraction 

Headins  to  lin. ..-......* - » 

Concentrate  to  \Uss 

Tailini!  to  \im 

E  xtraction 

General  mill  headine 

54.2 

General  mill  connentrftte  - t 

flnnAml  mill  tallinK ^^-».^,^--^-,-- 

SILVER  KING  MILL  C 
[Jan.  11, 12,  and  13, 1916 

»RE. 
•1 

General miliheadinu.-T,.... ,--, tt.-  - 

5.0 

3.5.5 

1.0 

82.4 

6.46 
26.08 
3.3 
a54.5 

76.9 

'^©nerai  Tnill  AonnAntratf). .,.. 

General  mill  tailine 

Extraction 

o  Per  cent. 
Slijne  treatment  of  carbonate  ores. 

Pb,  per  cent.  Ag,  ounces. 

Deister  heading 3.7  5.9 

Deister  concentrate 37. 0  38.  3 

Deister  tailing 2.64  4.5 

Extraction 32.0  a26.  9 

Ratio  of  concentration  for  carbonate  ores 8::1 

Ratio  of  concentration  for  sulphide  ores 4)::! 

a  Per  cent 


36  REGOVBBY  OF  ZINC  FBOH  OBBS. 

COSTS. 

The  last  annual  report  pubHshed  by  this  company  was  in  1913.  Worn  this  report 
we  find  that  for  the  year  ending  April  30,  1913,  81,996  tons  of  second  class  or  milling 
ore  were  treated  with  the  production  of  12,996  tons  of  concentrate  assaying:  35.55  per 
cent  Pb,  55.76  ounces  Ag,  0.0648  ounce  Au. 

Ratio  of  concentration,  6.5  into  one. 

Mill  treated  230  tons  per  day. 

Coits  per  ten  of  ore  treated. 

Labor 1 10.317 

Supplies Oil 

Pumping -.046 

Teaming 004 

Power 083 

Heating  and  light 018 

Repairs 335 

Assaying 022 

Superintendency 088 

Insurance 008 

Tailing  release 014 

868 
MILLS  ON  TAILING  FLATS  BELOW  PABK  CITT. 

Below  the  town  of  Park  City  there  are  two  large  and  two  smaller  mills  working 
over  the  tailings  that  have  been  discarded  from  Park  City  mills  since  1886.  The 
extent  and  value  of  these  flats  has  been  discussed  imder  '* Early  Milling"  and 
"Tailing  Leases." 

BROADWATER  MILL. 

« 

This  mill  is  treating  about  400  tons  of  tailing  per  day,  but  has  a  capacity  of  about 
500  tons  per  24  hours.  From  900  to  1,200  tons  per  day  are  taken  to  the  mill.  One- 
half  to  two-thirds  of  this  tonnage  is  stored  as  a  '' winter  dump  "  in  order  that  the  mill 
may  operate  during  the  winter  months  when  the  ground  is  frozen. 

Heading  to  the  mill  assays:  Pb,  1  per  cent;  Zn,  4  per  cent;  and  Ag,  4.5  ounces. 

Lead-iron  concentrates  assay:  Pb,  20  per  cent;  Zn,  12  per  cent;  Ag,  20  ounces;  Fe, 
20  per  cent;  SiO],  4  per  cent. 

Zinc  concentrates  assay:  Pb,  6  per  cent;  Zn,  37  per  cent;  Fe,  11  per  cent;  SiO,,  B 
per  cent. 

Zinc  concentrate  is  being  stored  for  treatment  in  the  Daly- Judge  electrolytic  zinc 
plant  which  wiU  probably  be  in  operation  by  the  time  this  report  appears  in  print 

BEQOS  MILL. 

This  millis  located  about  one-half  mile  below  the  Broadwater  mill. 

These  tailing  deposits  were  located  by  Mr.  Beggs  in  1907  as  placer  claims.  Six 
claims  in  all  were  located  on  this  flat.  The  deposit  varies  from  3  to  6  feet  deep,  and 
is  200  feet  wide  and  2,500  feet  long. 

Tailing  from  the  flat  is  scraped  up  into  heaps  by  means  of  drag-line  scraper  operated 
by  a  steam  engine  and  requiring  a  crew  of  two  men.  The  tailing  is  then  shoveled  by 
hand  into  16-cubic  foot  mine  cars  and  trammed  to  the  hopper  at  the  mill. 

Tailings  from  the  table  were  being  discharged  in  so  many  different  and  inaccessible 
places  that  it  was  found  impossible  for  us  to  obtain  even  a  representative  tailing 
sample,  so  none  was  taken.  However,  from  data  obtained  from  Mr.  Beggs  the  extrac- 
tion has  been  calculated: 

Pb.  Zn.  Ag. 

Total  extraction percent..  63.5        61.1       30.2 

Total  received .do 40.76      60.6        30.2 

Mill  treats  approximately  60  tons  per  day. 

Average  heading  to  mill — ^Pb,  1.5  per  cent;  Zn,  4  per  cent;  Ag,  3.5  ounces. 
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36  REC07BBY  OF  ZI^C  FROM  OBBS. 

COSTS. 

The  last  annual  report  pubHshed  by  this  company  was  in  1913.  Worn  this  report 
we  find  that  for  the  year  ending  April  30,  1913,  81,996  tons  of  second  class  or  milling 
ore  were  treated  with  the  production  of  12,996  tons  of  concentrate  assaying:  36.55  per 
cent  Pb,  55.76  ounces  Ag,  0.0648  ounce  Au. 

Ratio  of  concentration,  6.5  into  one. 

Mill  treated  230  tons  per  day. 

Cotts  per  ten  of  ore  treated. 

Labor 1 10.317 

Supplies Oil 

Pumping -.046 

Teaming 004 

Power 083 

Heating  and  light 018 

Repairs 335 

Assaying 022 

Superintendency 088 

Insurance 008 

Tailing  release 014 

.868 
HILLS  ON  TAILING  FLATS  BELOW  PABK  CITT. 

Below  the  town  of  Park  City  there  are  two  large  and  two  smaller  mills  working 
over  the  tailings  that  have  been  discarded  from  Park  City  mills  since  1886.  The 
extent  and  value  of  these  flats  has  been  discussed  imder  ''Early  Milling"  and 
"Tailing  Leases.'' 

BROADWATER  MILL. 

« 

This  mill  is  treating  about  400  tons  of  tailing  per  day,  but  has  a  capacity  of  about 
500  tons  per  24  hours.  From  900  to  1,200  tons  per  day  are  taken  to  the  mill.  One- 
half  to  two-thirds  of  this  tonnage  is  stored  as  a  "winter  dump  "  in  order  that  the  mill 
nuiy  operate  during  the  winter  months  when  the  ground  is  frozen. 

Heading  to  the  mill  assays:  Pb,  1  per  cent;  Zn,  4  per  cent;  and  Ag,  4.5  ounces. 

Lead-iron  concentrates  assay:  Pb,  20  per  cent;  Zn,  12  per  cent;  Ag,  20  ounces;  Fe, 
20  per  cent;  SiOa,  4  per  cent. 

Zinc  concentrates  assay:  Pb,  6  per  cent;  Zn,  37  per  cent;  Fe,  11  per  cent;  SiO,,  8 
per  cent. 

Zinc  concentrate  is  being  stored  for  treatment  in  the  Daly-Judge  electrolytic  sine 
plant  which  will  probably  be  in  operation  by  the  time  this  report  appears  in  print. 

BEGOS  MILL. 

This  mill  is  located  about  one-half  mile  below  the  Broadwater  mill. 

These  tailing  deposits  were  located  by  Mr.  Beggs  in  1907  as  placer  claims.  Six 
claims  in  all  were  located  on  this  flat.  The  deposit  varies  from  3  to  6  feet  deep,  and 
is  200  feet  wide  and  2,500  feet  long. 

Tailing  from  the  flat  is  scraped  up  into  heaps  by  means  of  drag-line  scraper  operated 
by  a  steam  engine  and  requiring  a  crew  of  two  men.  The  tailing  is  then  shoveled  by 
hand  into  16-cubic  foot  mine  cars  and  trammed  to  the  hopper  at  the  mill. 

Tailings  from  the  table  were  being  discharged  in  so  many  different  and  inaccessible 
places  that  it  was  found  impossible  for  us  to  obtain  even  a  representative  tailing 
sample,  so  none  was  taken.  However,  from  data  obtained  from  Mr.  Beggs  the  extrac- 
tion has  been  calculated: 

Fb.  Zn.  Ag. 

Total  extraction percent..  63.5        61.1        30.2 

Total  received do 40.76      60.6       30.2 

Mill  treats  approximately  60  tons  per  day. 

Average  heading  to  mill — ^Pb,  1.5  per  cent;  Zn,  4  per  cent;  Ag,  3.5  ounces. 
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Average  lead-iron  concentrate:  Pb,  23  per  cent;  Zn,  16  per  cent;  Ag,  20 ounces;  Au, 
0.05  ounce;  Fe,  18.5  per  cent;  ^iOai  3  per  cent. 

Average  zinc  concentrate:  Pb,  6.4  per  cent;  Zn,  38  per  cent;  Ag,  10  ounces;  Au, 
0.03  ounce;  Fe,  9.5  per  cent;  SiO,,  10  per  cent. 

Mill  operated  from  May  1  to  October  30,  1915,  and  produced  400  tons  of  zinc  con- 
centrate, and  200  tons  of  lead-iron  concentrate.  This  represents  2.66  tons  of  zinc 
concentrate  per  day,  and  1.33  tons  of  lead -iron  concentrate  per  day. 

Costs  {for  August^  1915). 
Labor $964.90 

Power r 104.85 

Repairs 35.00 

Fuel  and  extras 268.80 


Total  cost 1,373.55 

Total  cost  per  ton 0. 915 

Calculating  from  above  concentrate  assays  and  from  the  smelter  contract  we  find 


(assuming  average  price  of  metals): 

Payments. 

Gold 10.95 

Silver U.OO 

Lead 15.50 

Iron 1.85 


Total 29.30 

Charges 9.66 

Net  from  sale  of  1  ton  of  lead 

concentrates 19. 64 

Zino 

payments. 

Gold 10.57 

Silver 5.21 

Zinc 35.90 


Charges. 

Treatment $4.56 

Zinc 1.80 

Silica 30 

Freight 2.00 

Sampling 50 

Hauling  to  railroad 50 

Total 9.66 


Charges. 

Treatment 912.00 

Freight 6.80 

Sampling 50 

Hauling  to  railroad 50 

Total 20.80 


Total 4L68 

Charges 20.80 

Net  from  sale  of  1  ton  of  zinc 
tx>ncentrates 20.88 

Tben  from  above: 

50  tons  of  mill  ore  per  day  cost $45.  75 

1.33  tons  of  Pb-Fe  concentrates  bring 26.18 

2.66  tons  of  zinc  concentrates  bring 48. 60 

Profit  per  day 29.03 

BIG   FOUR   EXPLORATION   CO.    MILL. 

This  mill  is  located  at  Atkinson,  7  miles  below  the  town  of  Park  City. 

The  portion  of  tailing  deposits  under  lease  to  the  Big  Four  Exploration  Co.  covers 
an  area  3)  miles  long,  500  feet  wide,  and  averages  2  feet  deep.The  tonnage  here  avail- 
able is  in  excess  of  1,000,000  tons.  Samples  taken  at  100-feet  intervals  along  the  fiat 
indicate  that  the  average  metal  content  of  this  tailing  is  as  follows:  Pb,  1.8  per  cent; 
Zn,  4.1  per  cent;  Ag,  3.1  ounces;  Au,  30  cents;  Fe,  2.5  per  cent;  SiO,,  62  per  cent. 
•  The  tailing  is  scraped  up  by  means  of  8  or  10  teams  with  scrapers  into  heaps  by  the 
side  of  the  railroad .  From  these  heaps  the  tailing  is  scraped  over  a  plankway  bridging 
the  tracks  and  four-ton  cars.  A  converted  Cadillac  touring  car  provided  with  flange  1 
wheels  acts  as  the  motor  power  to  a  train  of  four  dump  cars  of  4- ton  capacity  each. 

The  mill  was  operated  for  a  few  months  last  fall,  but  was  closed  down  for  the  winter, 
during  which  time  it  has  been  remodeled  and  changed.    The  mill  is  still  being  altered. 
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FLOTATION  OF  ZINC  SULPfflDE  ORES .• 

When  the  work  of  the  Salt  Lake  City  station  began  only  one  mill 
in  the  United  States — the  Butte  &  Superior,  at  Butte,  Mont. — ^was 
using  jSotation  in  the  recovery  of  zinc  sulphide  from  slime.  As  the 
losses  of  zinc  in  slime  evidently  were  rather  large  and  some  process 
that  would  recover  this  zinc  was  necessary,  steps  were  taken  to  ob- 
tain laboratory  machinery  for  testing  the  applicability  of  flotation 
for  different  slimes.  Representatives  of  Alinerals  Separation,  Ltd., 
the  only  flotation  company  maintmning  ofiices  in  the  United  States  at 
that  time,  did  not  seem  to  care  to  cooperate.  The  first  test  machine 
were  built  according  to  the  designs  printed  in  the  only  paper  avail- 
able, the  first  edition  of  Hoover's  *' Concentrating  Ores  by  Flotation." 
The  testing  machinery  described  in  the  literature  was  crude  and  some 
of  the  first  attempts  at  flotation  at  the  Salt  Lake  City  station  were 
rather  disappointing.  It  became  necessary  to  visit  plants  where 
flotation  was  practiced  before  much  success  was  obtained  in  the 
laboratory. 

By  that  time  small  flotation  units  were  being  built  and  tested 
in  scores  of  mills.  In  view  of  the  drift  of  public  interest  it  was  decided 
that  the  most  service  possible  could  be  rendered  by  personal  visits  to 
plants  that  were  using  or  should  use  flotation,  by  distributing  data, 
and  by  making  suggestions.  Further,  much  data  was  published 
in  papers  in  technical  journals.  In  these  ways  the  Salt  Lake  City 
station  has  encouraged  many  people  to  publish  their  experiences. 
At  the  present  time  the  necessity  for  flotation  in  many  mills  has  been 
seen  and  the  process  installed.  The  only  metal  mining  fields  in  which 
it  has  not  been  adopted  to  a  large  extent  are  the  lead-zinc  fields  of 
Missouri,  Kansas,  and  Oklahoma,  and  the  Wisconsin  zinc  field. 
Here  the  old  milling  methods  with  jigs  and  tables  are  often  in  the 
control  of  men  who  have  been  slow  to  see  the  need  of  treating  the 
fine  shme  that  escapes  concentration  on  tables.  Moreover,  in  the  miUs 
that  are  imder  technical  control  in  these  fields  the  amount  of  slime 
made  in  any  one  mill  under  present  systems  of  grinding  is  so  small  that 
there  is  serious  doubt  as  to  flotation  plants  being  economical.  Small 
flotation  plants  would  have  to  be  tended  by  the  "table  man''  of  each 
plant  and  would  necessarily  receive  only  occasional  attention. 
Hence  there  is  need  for  machines  that  automatically  maintain  froth 
and  pulp  levels  and  discbarge  tailing  without  attention,  and  also  of 
automatic  oil  feeders  and  other  accessories  for  plants  capable  of 
treating  small  tonnage — 10  to  20  tons  of  slime  a  day,  as  determined 
by  C.  A.  Wright,*  then  assistant  metallurgical  engineer  of  the  Bureau 
of  Mines. 

a  Experimenters:  O.  L.  Allen,  P.  Oimeron,  H.  7.  Morgan,  C.  A.  Wrl^,  and  O.  C.  Ralston. 
6  Wright,  C.  A.,  Ifining  and  milling  of  lead  and  line  ores  in  tlie  MIsRnui-EaiiaM-Oklahoiiia  line  district: 
Bull.  164,  Bureau  of  Mines,  191&    134  pp. 
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At  present  there  are  no  machines  that  can  practically  take  care 
of  themselves  for  an  hour  at  a  time  in  a  small  plant  with  fluctuating 
feed.  In  addition  there  is  the  difficulty  of  training  local  labor  to  use 
a  new  process  that  is,  to  say  the  least,  hard  to  understand. 

In  the  Joplin  district — ^Missouri-Kansas-Oklahoma  field — all  the 
ore  mined  on  a  piece  of  land  must  be  treated,  imder  the  leasing  system 
in  effect,  on  that  land,  and  slime  from  several  mills  can  not  be  re- 
moved to  a  common  point  for  treatment.  The  landowners  believe 
that  the  value  of  a  piece  of  ground  is  increased  by  the  presence  of  a 
mill,  and  as  the  land  is  generally  leased  in  40-acre  tracts,  the  capacity 
of  the  mills  is  usually  restricted  to  100,  200,  or  400  tons  a  day  with 
about  3  to  10  per  cent  of  slime  formed  by  crushing.  A  number  of  such 
mills  have  tried  flotation  but,  as  far  as  is  known,  few  of  these  have 
yet  been  able  to  run  at  a  profit.  Although  the  daily  loss  in  any  one 
plant  is  not  large,  yet  as  there  are  over  200  mills  in  the  Joplin  dis- 
trict, the  aggregate  losses  of  zinc  in  slime  is  enormous.  Only  a 
change  in  grinding  methods,  the  development  of  a  small  automatic 
flotation  machine,  or  the  changing  of  the  present  leasing  system  in 
the  Joplin  district  will  permit  the  general  use  of  flotation  for  the 
slimes  of  the  district,  and  the  saving  of  the  zinc  now  lost  in  the 
"chats."  It  is  highly  probable  that  the  development  of  a  small 
unit  will  be  easier  than  a  change  of  the  leasing  system. 

That  the  flotation  of  the  Jophn  slimes  is  not  difficult  was  deter- 
mined by  a  few  tests  in  the  laboratory  at  the  Salt  Lake  City  station. 
Material  containing  8.54  per  cent  zinc,  the  sample  being  from  one  of 
the  mills  treating  *' sheet  ground"  ore,  could  be  "roughed"  and  clean- 
ed in  either  a  mechanically  driven  or  an  air  machine.  "Rougher" 
concentrates  containing  35  to  49  per  cent  zinc  could  be  made  with 
most  of  the  commercial  flotation  oils,  such  as  wood  creosote,  coal 
creosote,  pine  oil,  and  pine-tar  oil,  pine-tar  oil  seeming  to  be  the  best. 
The  recoveries  were  85  to  91  per  cent  of  the  total  zinc.  In  recleaning 
samples  of  "rougher"  froth  containing  39  per  cent  zinc,  it  was  pos- 
sible to  obtain  a  concentrate  containing  52  per  cent  zinc.  The  addi- 
tion of  sulphuric  acid  in  the  flotation  of  this  ore  was  not  necessary, 
but  as  it  made  the  line  of  separation  between  the  yellow  froth  and  the 
white  gangue  more  easily  seen  through  the  glass  sides  of  the  test 
machine  used,  amounts  of  about  50  pounds  per  ton  of  ore  were  used 
for  that  purpose.  Assays  of  concentrates  made  without  addition  of 
acid  were  practically  as  good  as  those  of  concentrates  made  with  it. 

Thus  there  seems  to  be  no  technical  difficulty  in  successful  flotation 
of  the  zinc  in  the  slimes  of  the  JopUn  district,  although  there  is 
a  serious  doubt  as  to  whether  flotation  can  be  made  to  pay  in  the 
present  state  of  the  art.  The  Bureau  of  Mines  is  not  in  a  position  to 
develop  units  of  the  size  needed  by  the  mills  of  the  district,  but  there 
is  evidently  a  good  opportunity  there  for  an  inventor  or  a  develop- 
ment company. 
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DIFFEBEHTIAL  FLOTATIOH, 

Differential  flotation  is  the  name  given  to  that  type  of  flotation  in 
which  one  flotative  mineral  is  floated  in  the  presence  of  a  second — 
the  flotation  of  lead  sulphide  in  the  presence  of  zinc  sulphide^  for 
example.  Some  persons  have  called  this  '* preferential"  and  others 
have  called  it  "selective"  flotation,  but  the  term  '* preferential"  has 
been  used  by  the  inventor  of  a  patented  process  of  flotation  in  which 
the  ore  receives  a  slight  roast  in  order  to  deaden  the  sxurfaces  of  one 
of  the  flotative  minerals,  and  the  term  '* selective"  has  been  applied 
to  that  type  of  flotation  in  which  the  oils  and  other  flotation  agents 
select  the  valuable  minerals  in  the  presence  of  the  gangue,  thus  allow- 
ing the  separation  of  a  clean  concentrate. 

One  of  the  most  pressing  problems  of  metallurgy  at  present  is  the 
treatment  of  complex  sulphides  of  zinc,  lead,  iron,  and  occasionally 
copper.  Differential  flotation  promises  to  be  successful  for  some  of 
these  ores,  and  already  a  number  of  mills  are  using  it.  Two  phases 
of  the  general  problem  are  of  major  importance:  (1)  The  separation 
of  zinc  and  lead  sulphides,  and  (2)  the  separation  of  zinc  and  iron 
sulphides.  Possibly  the  latter  is  the  more  important,  because  the 
more  diSicult. 

ZINC-LEAD  SXTLPHIDES. 

In  general,  mixed  zinc  and  lead  sulphides  are  separated  by  differ- 
ential flotation,  but  usually  the  separation  is  only  partial.  The 
method  in  widest  use  is  based  on  the  fact  that  in  a  neutral  or  slightly 
alkaline  solution,  when  an  oil  like  pine  oil  is  added  in  small  enough 
quantity  to  a  pulp  containing  both  lead  and  zinc  sulphides,  galena  is 
the  only  mineral  that  floats.  Addition  of  more  oil  and  acidify- 
ing the  pulp  causes  the  sphalerite  to  float.  This  method  is  only 
partly  successful,  and  it  is  necessary  to  treat  both  concentrates  by 
breaking  down  the  flotation  froth  and  passing  the  concentrates  over 
tables  in  order  to  separate  the  lead  in  the  zinc  concentrate  and  the 
zinc  in  the  lead  concentrate.  Even  by  this  procedure  the  results 
are  not  always  the  most  desirable,  as  15  to  20  per  cent  of  zinc  is 
sometimes  left  in  the  lead  concentrate  and  as  much  as  10  per  cent 
lead  in  the  zinc  concentrate.  Hence,  differential  flotation  can  not 
be  regarded  as  a  complete  success.  The  authors  know  of  only  a  few 
instances  of  better  work.  In  fact,  the  authors,  after  running  a 
number  of  tests  to  see  if  better  work  could  be  done  in  the  laboratory, 
decided  that  there  was  more  promise  in  making  a  mixed  lead  and 
zinc  concentrate,  and  then  separating  the  two  metals  by  chemical  or 
other  means.  Work  on  the  chemical  separation  of  such  mixtures  is 
reported  in  other  parts  of  this  bulletin  and  in  another  paper.  ^ 

•  Lyon,  D.  A.«  and  Balaton,  O.  C,  Innorations  in  the  metaOurgy  of  toad:  Bull.  157,  Bureau  of  MinM^ 
1918,  pp.  ua-i«9. 
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However,  it  is  not  impossible  that  better  methods  of  differential 
flotation  can  be  developed,  and  the  Bureau  of  Mines  intends  to 
conduct  investigations  to  that  end. 

ZINC-IBON  SULPHIDE  MIXTT7BB8. 

Zinc-iron  sulphide  mixtures  offer  one  of  the  most  pressing  problems 
of  differential  flotation.  In  the  past  the  grains  of  the  two  sulphide 
minerals,  if  too  small  to  permit  mechanical  separation  without  fine 
grinding,  could  not  be  separated;  nor  was  there  any  way  of  sepa- 
rating the  blende  and  pyrite  in  the  slime  formed  in  the  regular 
milling  of  zinc  ores  containing  pyrite.  Moreover,  the  two  minerals 
can  not  be  separated  when  mixed  in  a  flotation  concentration,  as 
they  have  about  the  same  specific  gravity. 

The  only  method  that  has  proved  at  all  successful  is  roasting  at 
temperatures  below  600°  C,  the  '^ignition  point"  of  pyrite,  long 
enough  to  destroy  the  sulphide  surfaces  of  the  pyrite  particles  with- 
out affecting  the  blende  particles,  followed  by  flotation  treatment  to 
remove  the  latter.  The  objection  to  this  process  is  that  in  a  gravity 
mill,  where  the  fines  are  an  incidental  product,  the  fines  must  be 
dewatered,  roasted,  and  then  mixed  with  water  for  flotation. 

For  treating  an  ore  that  has  never  been  milled  successfully  before, 
the  installing  of  a  process  in  which  the  ore  is  roasted  before  being 
mixed  with  water  and  ground  for  flotation  is  easy,  for  no  mill  product 
would  have  to  be  dewatered  and  dried  before  roasting,  and  only 
flotation  would  be  used.  Tests  at  the  Salt  Lake  City  station  have 
shown  that  a  simple  roast  to  deaden  the  surfaces  of  pyrite  does  not 
suffice  for  coarsely  groimd  ore,  but  by  a  longer  roast  the  particles  of 
pyrite  are  almost  completely  altered,  much  of  the  iron  being  burned 
to  the  red  oxide  without  much  oxidizing  of  the  zinc.  These  tests 
showed,  too,  that  sulphuric  acid  was  almost  essential  in  the  flotation 
of  the  zinc  from  the  roasted  ore.  Fine  grinding  after  such  a  roast 
is  much  easier  than  before.  This  method  has  the  advantage  of  a 
simple  flow  sheet  for  the  mill.  Its  success,  of  course,  is  due  to  the 
fact  that  the  roasting  of  zinc  sulphide  usually  does  not  proceed  much 
at  a  temperature  below  600°  C. 

Addition  of  soluble  oxidizing  agents,  such  as  potassium  or  other 
permanganates,  bichromates,  and  chloride  of  lime,  has  been  proposed 
by  numerous  inventors,  but  so  far  has  been  found  of  little  value  for 
most  of  the  ores  tested  in  the  Salt  Lake  City  laboratory.  Usually 
the  inventors  propose  to  add  these  agents  to  the  mill  pulp  in  which 
the  zinc  and  iron  sulphides  are  suspended  and  to  allow  a  sufficient 
time  of  contact  before  flotation.  Whether  the  siniaces  of  one  of 
the  minerals  is  really  oxidized  seems  debatable,  as  with  mixtures 
of  galena  and  blende  the  chromates  cause  the  zinc  mineral  to  float 
and  the  permanganates  cause  the  lead   mineral   to  float  differen- 
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tially.  It  is  argued  that  if  oxidation  is  all  that  takes  place  the  two 
reagents  should  produce  the  same  effect.  Be  that  as  it  may,  oxi- 
dizers seem  to  be  among  the  most  effective  reagents  for  obtaining- 
differential  flotation. 

In  a  number  of  flotation  mills  the  zinc  concentrate  seems  little 
contaminated  with  iron.  In  these  mills  either  the  pyrite  has  been 
naturally  oxidized  to  a  condition  where  it  does  not  tend  to  float,  or 
the  slime  (from  a  gravity  mill)  does  not  contain  as  much  iron  as  the 
heading,  because  the  pyrite  slimes  less  than  the  galena  and  the  blende. 

In  a  few  instances,  mostly  tests  on  a  laboratory  scale,  copper  sul- 
phate as  an  addition  agent  improved  slightly  the  flotation  of  zinc 
sulphide  from  slimes  containing  some  iron  pyrite.  Copper  sulphate 
reacts  with  zinc  sulphide,  forming  a  coating  of  copper  sulphide  ovor 
the  zinc  and  this  is  supposed  to  make  the  zinc  sulphide  more  easily 
floatable.  Although  copper  sulphate  is  excellent  for  correcting  the 
poor  flotation  of  zinc  sulphide,  it  has  not  proved  very  acceptable  for 
differential  separation  in  at  least  one  mill,  although  laboratory  tests 
seemed  to  promise  improved  work. 

A  list  of  the  most  important  American  and  British  patents  covering 
differential  flotation  is  as  follows: 

United  States  patents:  H.  A.  Wentworth,  No.  938732,  Jan.  2,  1909; 
E.  J.  Horwood,  No.  1020353,  Feb.  16,  1909;  A.  S.  Ramage,  No. 
949002,  July  2,  1909;  E.  H.  Nutter  and  Henry  Lavers,  No.  1067485, 
Sept.  1,  1911;  H.  H.  Greenway  and  A.  H.  P.  Lowry,  No.  1102738, 
May  17,  1913;  E.  J.  Horwood,  No.  1108440,  Dec.  4,  1913;  Henry 
Lavers,  No.  1142821,  May  28,  1914;  T.  M.  Owen,  No.  1157176,  Feb. 
27,  1914;  G.  S.  Meikle,  No.  1182290,  Oct.  9,  1914;  R.  F.  Bacon,  Nos. 
1198589  and  1197590,  June  28,  Nov.  10,  1915;  F.  J.  Lyster,  Nos. 
1203372,  1203373,  1203374,  and  1203375,  May  8,  1913. 

English  patents:  H.  L.  Suhnan  and  H.  F.  E.  Picard,  No.  8650, 
Apr.  9,  1910;  Henry  Lavers,  No.  23870,  Oct.  14,  1910;  H.  H.  Green- 
way,  No.  11471,  May  16,  1913;  F.  J.  Lyster,  No.  11939,  May  22,  1913; 
Minerals  Separation  (Ltd.),  No.  16141,  July  12,  1913;  Leslie  Brad- 
ford, No.  21104,  Sept.  18,  1913;  Amalgamated  Zinc  (De  Bavay's) 
(Ltd.),  Ore  Treaters,  No.  9049,  Apr.  9,  1914;  Minerals  Separation 
and  De  Bavay's  Processes  AustraUa  Proprietary  (Ltd.),  Metal- 
lurgists, Nos.  19373  and  19374,  Sept.  2,  1914;  Leslie  Bradford,  No. 
21880,  Nov.  2,  1914;  Minerals  Separation  (Ltd.),  Metallurgists,  Nos. 
5650,  8746,  and  10478,  Apr.  14,  June  14,  July  19,  1915. 

At  the  plant  of  a  leasing  company,  which  is  working  over  the  tailing 
of  the  concentration  mill  at  the  Midvale  (Utah)  smelter  of  the  United 
States  Smelting  Co.,  a  mixed  concentrate  of  zinc  and  lead  was  sepa- 
rated from  an  ore,  which  also  contains  some  pyrite,  by  the  use  of 
8  pounds  of  lime  per  ton  of  ore.  The  pyrite  was  said  to  be  dropped 
from  the  flotation  froth,  and  the  mixed  concentrate  of  sphalerite  aiid 
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galena  was  separated  on  coneenta'atiDg  tables.  While  marketable 
zinc  concentrate  can  be  separated  and  Ukewise  marketable  lead  con- 
centrate, the  separation  is  none  too  clean  and  leaves  much  to  be  desired. 

DRY  CONCENTRATION  PROCESSES. 

There  are  three  accepted  dry  methods  of  separating  zinc  minerals 
or  zinc  compounds  from  zinc  sulphide  ores,  as  follows:  ''Igneous" 
concentration,  electrostatic  separation,  and  magnetic  separation. 

lOHEOTJS  COirCENTBATIOir. 

By  igneons  concentration  is  meant  heatmg  zinc  otee  with  a  blast 
of  air  to  a  temperature  high  enough  to  cause  the  zinc  to  volatilize  and 
later  be  oxidized  by  the  oxygen  of  tte  blast.  This  method  is  laigely 
used  in  treating  oxidized  zinc  ores  and  roasted  sulphide  ores.  The 
usual  procedure  is  to  roast  the  sulphide  ores  to  the  oxide  condition, 
mix  them  with  fuel,  such  as  anthracite  or  coke  breeze,  and  place  the 
mixture  on  a  grate  through  which  a  blast  of  air  is  forced.  The 
burning  of  the  fuel  heats  the  ore  to  a  temperature  at  which  the  idnc 
can  be  reduced  by  the  carbon  or  the  carbonaceous  gases.  TTie  zinc 
distills  and  is  oxidized  in  the  stream  of  air,  the  white  zinc  oxide  pro- 
duced, known  as  * 'American  process"  zinc  oxide,  being  caught  in  a 
bag  house.  A  discussion  of  igneous  concentration  and  an  account 
of  some  experiments  made  by  the  authors  will  be  found  in  a  subse* 
quent  section  of  this  book. 

The  sulphide  zinc  ores  now  sent  to  igneous  concentration  plants  are 
usually  complex  sulphides  of  zinc,  iron,  and  lead  which  can  not  be 
separated  by  the  standard  methods  of  separation;  hence  the  prices 
paid  for  these  ores  are  usually  lower  than  what  would  be  paid  for  the 
several  minerals  if  these  could  be  mechanically  separated.  Many 
complex  mixtures  of  zinc  and  iron  sulphides  not  mechanically  sepa- 
rable are  used,  the  iron  not  interfering  with  the  recovery  of  the  zinc. 
Any  lead  present  forms  lead  sulphate,  which  as  fim^e  is  caught 
witii  the  zinc  oxide  in  the  bag  house,  the  white  pigment  being  then 
known  as  a  ''leaded  zinc''  pigment.  All  of  these  sulphide  ores  are 
usually  roasted  and  the  sulphur  dioxide  gases  are  used  for  sulphuric  acid 
manufacture.  Consequently  those  igneous  concentration  plants  that 
accept  sulphide  ores  prefer  the  ores  to  contain  some  pyrite,  because 
of  its  facihtating  the  preparation  of  gases  suitable  for  making  sul- 
phuric acid.  Direct ' '  blasting ' '  of  zincsulphide  oreinmaking  zinc  oxide 
pigment  is  not  in  use  in  any  part  of  the  world,  so  far  as  the  authors  are 
informed.  It  is  said  that  if  sulphide  ores  are  blasted  without  previous 
roasting,  the  pigment  will  contain  too  much  zinc  sulphate,  which  is 
undesirable.  Also  the  zinc  oxide  absorbs  sulphur  dioxide  with  some 
avidity,  which  causes  "hvering"  of  the  paints  prepared  from  the 
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product.  Such  material  needs  to  be  calcined  at  a  temperature  high 
enough  to  drive  off  the  sulphur  dioxide.  As  regards  the  preparation 
of  a  zinc  oxide  product  suitable  for  distillation  of  zinc,  the  presence 
of  zinc  sulphate  and  sulphur  dioxide  would  probably  not  be  objec- 
tionable. Hence,  as  a  method  of  concentrating  the  zinc  in  a  mixed 
sulphide  ore,  igneous  concentration  is  practicable. 

At  Florence,  Colo.,  the  River  Smelting  Co.  has  recently  installed 
a  blast  furnace  for  direct  treatment  of  mixed  sidphide  ores.  A  strong 
blast  is  used  and  a  shallow  bed;  thus  the  furnace  operates  with  a 
hot  top.  Moxt  of  the  pyrite  of  the  ore  oxidizes  and  the  iron  oxide 
enters  the  slag.*  Some  of  the  iron  and  all  of  the  copper  go  into  a 
matte,  which  also  collects  the  precious  metals.  The  lead  and  most 
of  the  zinc  are  distilled  as  fume  and  are  caught  in  the  bag  houses. 
Some  of  the  zinc  goes  into  the  matte  and  the  slag,  and  to  date  the 
recoveries  of  zinc  in  the  fume  have  been  lower  than  is  desirable.  Also, 
fume  deposits  as  crusts  on  the  walls  of  the  furnace,  necessitating  a 
shutdown  every  10  days  or  two  weeks  for  cleaning  the  walls. 

At  the  Tooele  smelter  in  Utah  an  attempt  to  smelt  complex  sul- 
phides and  then  ''blow"  them  in  a  copper  converter  met  the  same 
difficulty,  accretions  of  zinc  oxide  forming  on  the  walls  of  the  con- 
verter. 

ELECTBOSTATIC  SEPASATIOV. 

Electrostatic  separation,  as  previously  mentioned,  is  one  of  the 
processes  used  for  separating  mixtures  of  sulphides  of  the  same  spe- 
cific gravity  that  are  not  amenable  to  gravity  concentration.  Zinc 
ore  mixtures  of  pyrite  and  sphalerite  in  coarse  crystals  are  often 
treated  by  this  process.  Such  ore  needs  only  drying  before  treat- 
ment on  the  electrostatic  separator.  The  principle  of  the  electro- 
static separators  need  not  be  explained  here,  as  there  is  ample  Uter* 
ature  on  the  subject.  From  1905  to  date  there  have  usually  been 
several  papers  published  every  year  on  this  process  in  such  pubhca- 
tions  as  Mineral  Industry,  Engineering  and  Mining  Joxunal,  MetaUur- 
gical  and  Chemical  Engineering,  and  the  Transactions  of  the  American 
Electrochemical  Society.  The  nonconductive  mineral  particles  pass 
through  the  separator  inert,  but  the  particles  of  the  conductive  min- 
erals acquire  an  electrical  charge  and  are  repelled  from  one  elec- 
trode. Sphalerite  is  a  poor  conductor  or  a  nonconductor,  and 
pyrite  is  a  good  conductor.  Galena  is  likewise  a  good  conductor  and 
accompanies  the  pyrite.  Fine  dust  can  not  be  treated  on  such  a 
mr. chine,  its  use  being  limited  to  the  treatment  of  ''sands." 

As  ores  vary  widely  in  their  electrical  properties,  the  only  way  of 
finding  whether  a  given  ore  of  zinc  sulphide  and  other  sulphides  can 
be  separated  by  this  method  is  to  test  the  ore  in  a  commercial  machine. 
With  some  ores  electrostatic  separation  produces  concentrates  of  com- 
mercial grade  without  further  treatment,  but  as  a  rule  none  of  the 
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electroetatic  processes  will  make  a  dean  separation  of  the  average 
complex  sulphide  ore  found  in  the  intermountain  States.  The  fact  that 
pyritic  ore  does  not  have  to  be  roasted  before  electrostatic  separation 
ia  important,  as  the  sulphur  can  be  saved,  if  desired.  If  the  magnetic 
separation  process  were  used,  some  of  the  sulphur  in  the  ore  would  be 
burned  off  and  escape  in  the  smelter  gases,  forming  a  nuisance. 
Another  advantage  of  the  electrostatic  method  is  that  mixtures  of 
galena,  pyrite,  chalcopyrite,  and  sphalerite  can  be  separated  into  a  prod- 
uct containing  the  first  three  minerals  mentioned  and  a  second  product 
containing  the  sphalerite.  These  two  products  can  both  be  marketed 
to  good  advantage.  The  magnetic  separation  process,  however, 
makes  a  product  containing  the  iron  and  the  copper  and  another  prod- 
uct containing  the  lead  and  the  zinc;  and  this  latter  mixture  can  not 
be  marketed  to  as  good  advantage  as  if  the  lead  and  zinc  minerals 
were  separated. 

ICAOHETIC  SOASTIHO  Aim  SEPASATIOIT. 

The  method  of  separating  zinc  and  iron  sulphides  by  the  use  of  a 
magnetic  separator  is  an  old  one.  There  are  many  ores,  in  districts 
like  the  Wisconsin  zinc  district,  which  are  mixtures  of  the  two  sul- 
phides that  can  be  easily  separated  by  this  method,  and  in  these 
places  the  practice  has  become  standard.  In  the  intermoimtain 
States,  however,  there  are  many  sulphide  ores  that  do  not  respond 
to  this  treatment.  Determining  the  character  of  such  ores  by  their 
appearance  is  difficult,  and  the  best  way  of  finding  whether  a  given 
sample  of  ore  is  amenable  to  magnetic  separation  is  to  test  it. 

BXPEBIMENT8  AT  BAI/T  LAEB  CITY  STATION. 

The  Zinc  Concentrating  Co.,  in  cooperation  with  the  University  of 
Utah  and  the  Bureau  of  Mines,  set  up  one  of  its  Campbell  magnetic 
separators  and  a  small  Etherington-Singer  roaster  at  the  Salt  Lake 
City  station  in  order  to  test  mixed  sulphide  ores  from  various  west- 
em  districts. 

DESCRIPTION  OF   ROASTER  AND   MAGNETIO  SEPARATOR. 

The  Etherington-Singer  roaster  is  a  revolving  cylindrical  kiln,  taper- 
ing slightly  toward  the  flue  end  and  being  fired  with  oil  or  gas.  The 
small  laboratory  roaster  used  for  the  tests  was  an  iron  cylinder  7  feet 
long  and  about  1  foot  in  diameter.  Heating  was  by  means  of  two 
large  oil  blow-torch  flames,  the  roaster  generally  requiring  about  one 
hour's  heating  to  attain  the  temperature  necessary  for  a  quick  roast 
under  these  conditions.  The  roaster  was  so  inclined  that  when  it  was 
making  four  revolutions  per  minute  the  ore  passed  through  it  in  7  min- 
utes. The  ore,  just  before  discharging,  showered  through  the  flame 
from  the  torches.  It  was  foimd  that  under  these  conditions  enough 
of  the  sulphur  in  the  pyrite  was  quickly  eliminated  and  the  product, 


46  SEGOVEBY  OF  ZINC  FBOM  ORES. 

because  of  the  nonoxidizing  character  of  the  flame,  had  not  been 
oxidized  too  much.  Of  course,  the  object  in  magnetic  roasting  is  to 
raise  the  ore  to  such  a  temperature  that  the  pyrite  breaks  up  into 
FeS  or  Fe,  S^+i,  and  S.  Pyrite  is  not  magnetic,  but  the  lower  sul- 
phides of  iron  are  ferromagnetic,  and  are  capable  of  being  lifted  by 
a  magnet  of  low  intensity.  Sphalerite  is  nonmagnetic;  hence  the 
magnetic  separator  removes  the  iron  and  leaves  the  sphalerite,  with 
any  other  nonmagnetic  minerals  present. 

The  Campbell  magnetic  separator  comprises  a  shaking  plate  so 
inclined  that  the  ore  travels  down  it  in  a  thin  sheet;  above  this  plate 
are  suspended  three  electromagnets.  Beneath  the  face  of  each  mag- 
net passes  a  canvas  belt,  so  that  any  particle  attracted  to  the  magnet 
is  arrested  by  the  belt,  which  carries  the  particle  over  the  edge  of  the 
shaking  table  and  beyond  the  field  of  the  magnet,  when  the  particle 
drops  from  the  belt.  The  three  magnets  used  are  of  increasing 
intensity,  so  that  the  separator  makes  three  products  which  are 
decreasingly  magnetic,  and  a  nonmagnetic  product.  The  distance 
of  the  faces  of  the  magnet  poles  from  the  table  is  adjustable,  and 
rheostats  control  the  amperage  flowing  through  each  magnet,  so  that 
a  stronger  or  weaker  magnetic  field  is  obtainable. 

TESTS   OF  ORES. 

Very  few  of  the  western  ores  not  now  being  worked  that  were 
tested  had  sufficiently  coarse  crystallization  to  permit  magnetic 
separation  of  the  iron  sulphide  from  the  zinc  sulphide.  Tests  were 
made  of  ore  from  the  Utah-Apex  mine,  Bingham,  Utah;  zinc  mid- 
dling from  the  Broadwater  mill  at  Park  City,  Utah;  zinc  middling 
from  the  Consolidated  Nevada-Utah  mill  at  Pioche,  Nev.;  ore  from 
the  Greenwood  lease,  Pioche,  Nov.;  ore  from  the  Carlyle  mine, 
Duncan,  Ariz.;  ore  from  the  Middle  Golconda  mine,  and  ore  from  the 
C.  O.  D.  mine,  near  Chloride,  Ariz.,  and  others. 

As  stated  above,  only  a  few  of  the  ores  responded  satisfactorily  in 
the  tests.    The  essential  data  on  the  more  important  tests  follows. 

ZmC-IRON  lODDLINO  FROM  UTAH-APBX  MINE,  BINGHAM,  UTAH. 

The  Utah-Apex  mine  at  Bingham,  like  most  of  the  other  Bingham 
lead  mines,  has  not  saved  the  zinc  in  its  ore,  much  of  the  ore  being 
sliipped  crude  to  the  lead  smelters.  This  ore  has  the  following 
analysis: 

Composition  of  ore  from  Utah- Apex  mine,  Bingham^  Utah, 

Lead  (Pb) percent..  16.65 

Zinc(Zn) do....  14.45 

Iron(Fe) do....  17.80 

Insoluble do 16.60 

Silver  (Ag) ounces  per  ton..     4.34 

Qold(Au) do 04 
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The  lead  mineral  in  this  ore  can  be  separated  by  mechanical  con- 
centration, but  the  zinc  and  iron  minerals,  having  the  same  specific 
gravity,  are  obtained  as  a  zinc-iron  middling  and  the  high  iron  makes 
this  middling  misalable  as  a  zinc  product.  As  the  ratio  of  the  iron 
content  to  the  siUca  content  is  such  that  the  ore  is  self-fluxing,  it  is 
sought  by  the  smelters  and  often  contracts  can  be  obtained  which 
ignore  the  high  zinc  content.  Hence  very  little  concentration  of 
this  grade  of  ore  has  been  practiced.  By  making  a  middling  on 
WUfley  tables,  a  product  containing  zinc  sulphide,  iron  sulphide,  and 
quartz  was  obtained,  and  on  tabUng  the  gangue  a  product  of  the 
following  analysis  was  obtained: 

Regults  of  analysis  of  zinc-iron  middling. 

Lead  (Pb) percent..    1.31 

Zinc(Zn) do....  34.80 

Iron(Fe) do....  12.70 

IiMoluble do 13.20 

Silver  (Ag) ounces  per  ton. .     1. 61 

Gold(Au) do 01 

Such  a  product  could  not  be  marketed  to  advantage  as  zinc  con- 
centrate; so  this  middling  was  subjected  to  magnetic  roasting  and 
separation.  In  the  treatment  on  the  magnetic  separator,  the  intent 
was  to  remove  most  of  the  iron,  the  magnets  being  set  for  a  low 
intensity,  and  then  re- treat  the  zinc  concentrates  with  a  more  intense 
field.     The  results  of  these  tests  are  given  in  Table  7  following: 

Table  7. — Results  of  magnetic  separation  of  Utah- Apex  zinc4ron  middling. 


\ 

Pb. 

Fe. 

Zn. 

Insol- 
uble, 
per 
cent 

Ag. 

Au. 

Sampla. 

Weight, 
pounds. 

Per 

cent. 

Per 

cent 
of 

Per 

cent. 

Par 

cent 
of 

Per 
cent 

Per 

cent 

of 

Ounce. 

Per 

cent 
of 

Ounce. 

Par 

cent 
of 

total. 

total. 

total. 

total. 

total. 

Raw  head  Ins 

74.6 

1.31 

100.0 

12.7 

100.0 

34.8 

100.0 

13.2 

1.61 

100.0 

0.01 

100.0 

Roasted  headlog 

66.0 

1.43 

96.8 

12.0 

00.2 

38.1 

07.2 

13.8 

1.63 

90.2 

.01 

88.6 

N08. 1  and  2  "Iron" 

mlddlhign 

5.76 

.06 

6.8 

40.6 

33.5 

6.0 

1.4 

8.0 

2.10 

11.6 

.01 

8.7 

No.3«Jroii"  middling 

6.76 

1.66 

9.4 

40.1 

27.0 

12.1 

2.8 

0.4 

3.11 

16.6 

.01 

8.7 

Zinc  oonoentrate 

63.0 

1.66 

86.8 

6.1 

37.8 

46.0 

04.0 

14.6 

1.61 

74.0 

.01 

80.0 

All '"inn"  middlings. 

3.76 

2.98 

8.7 

26.2 

&0 

26.2 

2.7 

9.4 

4.12 

10.4 

.02 

4.2 

Zinc  conoentrate 

48.6 

1.43 

72.6 

4.04 

28.2 

46.3 

80.6 

14.8 

ORES  VSOM  THE  CON  SOLID  ATBO   NEVADA-UTAH  AND   THE   GREENWOOD  MINES,  PIOGHE, 

NBV. 

The  ore  from  the  Consolidated  Nevada-Utah  mine  and  that 
from  the  Greenwood  lease  are  representative  of  two  types  of  ore  found 
in  the  Pioche,  Nov.,  district.  The  former  represents  the  deeper 
Ijring  ore  in  the  vein  deposits  of  that  district,  and  the  latter  the 
complex,  partly  oxidized  sulphides  nearer  the  surface.  This  latter 
type  of  ore  is  much  more  complex  and  difficult  to  separate  than  the 
first.  It  can  be  seen  from  Tables  8  and  9  that  marketable  zinc 
concentrate  could  be  prepared  from  the  ConsoUdated  ore,  whereas 
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a  good  separation  of  the  ^nc  and  lead  minerals  from  the  iron  sidphide 
in  the  Greenwood  ore  is  practically  impossible.  High-iron  zinc  ore 
or  zinc-lead  ore  is  sold  for  the  manufacture  of  zinc  oxide  or  leaded 
zinc  oxide,  although  the  price  paid  for  the  ore  is  not  equivalent  to 
that  paid  for  the  separate  lead  and  zinc  concentrates  that  might 
be  made.  The  companies  buying  such  ore  usually  specify  35  per  cent 
combined  zinc  and  lead  content  as  the  lower  limit  of  the  material 
that  they  will  accept  for  making  zinc  oxide.  The  Greenwood  ore 
can  be  prepared  for  such  a  market  by  double  treatment  with  magnetic 
separators,  as  can  be  seen  from  Table  9,  but  the  loss  of  zinc  in  the 
iron  concentrate  is  too  great. 

Table  8. — RenUta  of  magnetic  8eparation  of  ore  from  ComoUdated  Nevada-  Utah  mine. 


Weight, 
pounds. 

Pb. 

Fe. 

Zn. 

In- 

sol- 
uble, 

Ag. 

Ac 

I. 

Sample. 

Per 

Per 

Per 

Per 

Per 

Per 
cent. 

cent 
of 

Per 

cent. 

cent 
of 

Per 
cent 

cent 
of 

per 
cent. 

Ounces. 

cent 
of 

Ounoea. 

cent 
of 

total. 

total. 

100.0 
91.2 

total. 

total. 

total. 

Raw  heading. 

100.0 
84.0 

2.02 

8.27 

100.0 
94.3 

28.4 
30.3 

17.9 
19.0 

100.0 
89.2 

7.8 
9.2 

11.46 

100.0 

0.23 
.24 

100.0 

Roasted  heeding 

No.  1  "iron"  middling 

12.52    92.0 

91.6 

5.0 

1.72 

3.4 

53.0 

11.8 

5.6 

1.9 

5.0 

12.82      6.4 

.28 

7.6 

No.  2  "iron"  middling 

7.76 

1.43 

4.0 

50.5 

15.1 

6.2 

3.0 

4.0 

14.88  1  10.6 

.22 

&4 

No.  8  "iron"  middling 

31.5 

2.47 

28.8 

43.5 

53.0 

9.5 

18.7 

6.6 

15.82     47.4 

.88 

59.7 

Zinc  concentrate 

87.5 

6.05 

68.8 

13.6 

19.7 

85.6 

88.8 

12.6 

11.14 

39.7 

.21 

44.7 

No.  3  "iron"  resepa- 

rated,  making— 

Nob.    1    and    2 

"iron"  mid- 

dlings  

7.6 

1,87 

8.7 

61.0 

14.8 

6.4 

2.6 

4.0 

11.58 

8.2 

.86 

13.4 

No.3"lran"mid- 

dKng 

20.6 

2.32 

17.8 

45.3 

35.9 

7.9 

10.1 

6.4 

16.06 

81.8 

.82 

32.6 

Zinc  concentrate. 

8.5 

4.04 

6.8 

21.6 

2.9 

26.1 

6.7 

18.4 

16.86 

6.6 

.86 

6.3 

No.  1  sine  concentrate 

reseparated,   mak- 

AU"irons" 

4.5 

3.57 

5.8     28.0 

4.0 

17.0 

4.8 

18.8 

18.84 

6.9 

.66 

12.5 

Zinc  concentrate. 

81.5 

4.28 

40.2  i  11.1 

18.5 

38.1 

75.8 

12.0 

8.70 

26.1 

.46 

71.0 

Last  tine  concentrate 

1 

reroasted  and  resep- 

1 

arated,  making- 
No.  l"iron^ 

8.0 

2.14 

1 
2.3     45.9 

5.8 

7.8 

1.8 

5.8 

4.26 

1.2 

.16 

2.4 

No.  2  "iron" 

1.6 

4.88 

2.7     23.0 

1.3 

21.8 

2.0 

14.4 

18.72 

2.0 

.96 

7.1 

Zinc  concentrate. 

34.0 

6.23 

45.8      6.5 

6.0 

44.6 

67.1 

12.2 

8.72 

19.8 

.88 

45.3 

Tablb  9. — Reeulta  of  magnetic  eeparation  of  ore  from  Greenwood  leaee. 


Weight, 
pounds. 

Pb. 

Fe. 

Zn. 

In- 
sol- 
uble, 

Ag. 

Au. 

Sample. 

Per 

Per 

Per 

Per 

Per 

Per 
cent. 

cent 
of 

Per 
cent. 

cent 
of 

Per 
cent. 

cent 
of 

per 
cent. 

Ounces. 

cent 
of 

Ounces. 

cent 
of 

total. 

totel. 

total. 

total. 

total. 

Raw  heading. 

44.0 

8.21 

100. 0 

16.1 

100.0 

20.0 

100.0 

25.2 

8.11 

100.0 

0.04 

100.0 

Roasted  heading 

85.5 

0.06 

88.9 

15.7 

84.2 

20.0 

80.8 

27.4 

9.06 

87.7 

.04  ,    80.7 

No8.  1  and  2  "froo" 

middlings 

1.0 

5.77 

1.8 

44.9 

8.0 

6.3 

.7 

12.6 

8.28 

2.6 

.06 

4.2 

No.  3  "iron"  middling 

2.76 

8.66 

7.4 

35.8 

17.6 

7.1 

2.7 

17.0 

10.04 

8.6 

.06 

11.6 

Zinc  concentrate 

29.6 

9.51 

87.6 

18.6 

72.0 

31.7 

90.2 

28.2 

8.98 

82.3 

.04       83.1 

"Iron"  middling  from 

zinc  concentrate 

17.0 

0.28 

49.8 

16.7 

47.8 

18.8 

45.0 

29.8 

8.90 

46.9 

.04       47.9 

Re-treated  zinc  con- 

centrates  

0.0 

9.76 

87.8 

8.7 

18.6 

37.4 

84.8 

26.6 

8.20 

23.9 

.04 

25  4 

No.  2  "iron"  mid- 

dlings from  No.  1 

"iron" 

8.6 

8.46 

S2.4 

18.9 

29.9 

15.0 

18.0 

28.8 

8.88 

19.7 

.04 

23.9 

Zinc  concentrate  from 

"iron"  middlings.. 

6.0 

8.60 

18.2 

8w06 

7.8 

25.5 

18.0 

29.8 

7.48 

11.6 

.04 

14.1 
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ZatC-JROV   MIDDLINO    FROM    BBOADWATKB   MILL,    NEAR   PARK    0IT7,    UTAH. 

Near  Park  City,  Utah,  a  large  accumulation  of  old  mill  tailing  is 
being  treated  by  a  number  of  mills,  and  large  amounts  of  zinc-iron 
middling  are  produced.  The  question  has  been  raised  as  to  what 
should  be  done  with  it.  The  sample  from  the  Broadwater  mill 
represents  a  product  such  as  could  huve  been  made  during  the  milling 
of  countless  tons  of  the  Park  City  ores  in  the  past,  and  could  be  pre- 
pared from  the  ores  now  being  mined.  A  marketable  zinc  concen- 
trate from  such  zinc-iron  middling  is  possible,  as  shown  by  the  tests 
reported  in  Table  10  following: 

Table  10. — Remits  of  magnetic  concentration  of  tine  middling  from  the  Broadwater  miU. 


Weight, 
pounds. 

Pb. 

Fe. 

Zn. 

In- 
sol- 
uble, 
per 
cent. 

Ag. 

Ao. 

flampla. 

Per 
oent. 

Per 
cent 

of 
total. 

Per 
cent. 

Per 
oent 

^f 
total. 

Per 
cent. 

Per 
cent 

of 
total. 

Ounces. 

Per 
cent 

of 
totaL 

Ounces. 

Per 
cent 

of 
totaL 

Raw  heading. 

Roasted  heaoUxui 

113.0 
98.0 

19.0 
38.5 
50.5 

9.0 
4a8 

6.86 

100.0 

37.4 

100.0 

l&l 

100.0 

3.3 

13L74 

100.0 

0.03 

100.0 

Nos.  1  and  3  "Iron" 
middlingi 

No.3"iron"  middling 

Zinc  oonoentrata 

Zino  oonoentrata  ra- 

eeparated  making— 

AU  "iron"  mTd- 

4.33 
3.93 
8.96 

6.01 
0.65 

11.8 
15.7 
68.5 

7.6 
55.0 

58.4 
44.7 
11.6 

37.8 
6.8 

88.1 
41.5 
19.1 

11.1 
0.0 

3.8 

5.0 

86.9 

8.0 
41.7 

8.1 

7.1 

03.8 

8.6 
88.7 

1.8 
1.8 
4.8 

9.4 

4.8 

14.97 
16.14 
13.83 

18.06 
11.36 

10.9 
83.3 
48.8 

11.8 

8ii 

.03 
.03 
.03 

35.5 
35.5 
45.3 

8.0 

Zinobonoentrate. 

3G.3 

ORB  FROM  OARLTLB  MINB,  STBEPLBROOR,  N.  MBX. 

The  ore  from  the  Carlyle  mine,  near  Steeplerock,  N.  Mex.,  was 
tested  without  removal  of  the  gapgue.  This  was  a  complex  sulphide 
ore  carrying  zinc,  lead,  copper,  and  iron.  The  deposit  at  this  mine 
represents  a  fairly  common  ore  type  in  this  district,  the  sulphide  ore 
coining  from  beneath  an  old  bonanza  oxidized  gold-ore  body.  There 
are  many  similar  mines  in  which  oxidized  ores  of  silver,  gold,  or 
copper  changes  to  complex-sulphide  ores  below  the  water  level.  In 
this  sample  the  sulphides  were  more  or  less  separable  from  each  other 
but  were  intimately  combined  with  the  gangue,  so  that  the  prepara- 
tion of  products  not  contaminated  with  too  much  gangue  was  difficult. 
This  was  especially  true  of  the  zinc  concentrate.  The  only  encourag- 
ing feature  of  the  test  was  that  the  iron  products  from  the  magnetic 
separation  carried  a  good  proportion  of  the  copper  of  the  original  ore 
in  a  concentrate  that  was  marketable.     (See  Tables  11  and  12.) 

The  raw  ore  was  ground  to  pass  2b-mesh  and  then  was  given  a 
heavy  roast  in  the  laboratory  roaster.  The  calcines  were  then  put 
through  the  magnetic  separator  with  the  magnets  set  fairly  close. 
The  "irons"  from  the  above  test  were  reground  to  pass  40-mesh  and 
then  put  over  the  magnetic  separator  again,  making  a  magnetic  and  a 
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nonmagnetie  product.  The  zinc  ooncentr&te  obtained  from  the 
roasting  and  separation  of  the  Carlyle  zinc  middlings  from  a  table 
test  was  treated  on  the  small  test  table  to  see  what  kind  of  a  separa- 
tion could  be  obtained  after  roasting.     The  results  were  as  follows: 

Tablb  11. — RenUts  ofmwjTiaic  upanUwn  of  ore  from  Cartgle  mine,  rootling  wWwiut 

kiblvng. 


• 

Weigjht. 

pounds. 

Pb. 

Zn. 

Pe. 

Cn. 

In- 

Sample. 

Per 
cent. 

Per 

cent 

of 

total. 

P« 

cent. 

Per 
cent 

of 
total. 

Per 
cent. 

Per 

MOt 

of 
total. 

cent. 

Per 

«nt 

of 

total. 

aol- 
ubie, 

per 
cent 

Fint  sepantion: 

Roasted  headinK 

An  "iron"  mldoSngs 

Zjnc  nonoBDtnta 

19.0 
2.25 
16.5 

845.0 
390.0 
305.0 

1,000.0 
245.0 
350.0 

a5o.o 

6.43 

13.32 

4.76 

11.81 

11.2 

12.07 

9.2 
13.7 
9.64 
4.75 

100.0 
24.6 
64.4 

100.0 
38.9 
45.7 

100.0 

a6.s 

36.6 
18.1 

7.6 
6.8 
7.8 

6.8 
8.8 
6.0 

17.9 
35.7 

21.5 
10.2 

100.0 
10.6 
80.4 

100.0 
55.8 
41.2 

100.0 
3S.3 

42.1 
19.9 

3.8 

10.0 

2.6 

10.0 

3.6 

16.7 

3.3 
3.0 
8.3 
3.5 

100.0 
31.2 

ao.5 

100.0 
16.6 
78.2 

100.0 
22.3 
33.9 
37.1 

1.21 

6.74 
.50 

6.74 

.88 

11.92 

.38 
.50 
.44 
.44 

100.0 
66.1 
35.6 

M0.O 

6.0 
82.8 

100.0 
22.1 

4a5 

40.5 

60.1 
47.8 
73.8 

Separation  of  iron  concentrate: 

H^flftdljig .  . ,,--.,-- 

47.8 

NoniDaffoetiR 

61.6 

Magnet 

nh 

fWiling  zinc  eoMoentrate  from  zfaK 
midoling: 
Heftdinflf . ...-..,-, ..-^ -^-- 

993 

Lead  conoilimte ................ . 

15.0 

Zinc  concBotrate. ....* 

S8.0 

TftHIng r        -  -  r  T  T  -  T •--,--- 

67.4 

In  another  test  the  ore  was  first  tabled  after  being  ground  to  pass 
a  20-mesh  screen.  Three  products  wotc  obtained — a  lead  concen- 
trate, a  zinc  middhng,  and  a  tailing.  The  slime  was  not  recovered; 
this  accounts  for  the  low  recovery  of  copper,  as  the  chalcopyrite 
slimes  badly  and  was  lost.  The  zinc  middling  obtained  was  put 
through  the  laboratory  roaster  and  then  through  the  magnetic  sep- 
arator. The  concentrate  obtained  was  again  sent  through  the  mag- 
netic separator,  with  the  magnets  set  closer  together,  to  see  if  any 
more  iron  could  be  removed.    The  results  of  the  tests  are  as  follows: 

Table  12. — RouUm  of  magnetic  teparaUon  of  ore  from  Carlyle  mine,  wUh  Mimg. 


Sample. 


Weight, 
pounds 


Table  test: 

Heading 

l>eadooooaBtrat« 

ZfncmSddiJing 

Taili 

Zinc  middHnr  roBSted: 

Bay  hftafling. 

Roasted  heaaing :. 

Througli  MpflTfttor 

No.  1  and  NoTs  "iron"  ndddlings. 

No.  8  "Iron'*  mfayaMt^ 

All  "iron"  middlings 

ZinooonOBDtratflL 


Pb. 


Per 

ocnt. 


40 

9.75 
19.4 


3,977 
B,882 
255 
2tt 
195 
12,070 


14.2 

62.0 
12.5 
2.tt2 

12.5 
10.1 
10.1 
11.7 
12.$ 
19.3 
0.2 


Per 
cent 

0/ 

total 


2n. 


100.0 
54.8 
21.3 

100.0 
89.5 

loao 

7.6 

9lO 

9.6 

72.6 


cent. 


9.4 
U.0 
18.4 

4.1 

1&4 
18.0 
14L0 
4.3 
0.5 
14.0 
17.9 


Per 
oent 

of 
total. 


Fb. 


loao 

17.3 
47.6 
2L1 

loao 

95.2 

loao 

1.8 

4.4 

4.7 

80.0 


Vtr 

cant. 


5.0 
3.3 
5.4 
3.« 

&.4 

5.6 
&« 
25.1 
iaL6 
6.5 
1.3 


Per 

oent 

of 

total. 


loao 

&3 
26.3 
3&0 

loao 

100.0 

100.0 

29.6 

16^6 

5.0 

47.0 


On. 


Ber 
cent. 


1.16 

1.38 

2.21 

,&i 

2.31 
1.93 
LS3 
12.21 
7.18 
2.21 


Per 

oent 

of 

total 


100.0 
14.9 
46.3 
28.1 

loao 

95.4 

loao 

41.3 

17.6 

&8 

16.7 


Insol- 

ublev 

per 

cent. 


37.8 

3.2 

44.4 

316 

44.4 

3&2 
38.2 
1S.0 
33.2 
35.2 
30.3 
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OBES  FBOM  MINES  NEAR  CHLORIDE,    AJUS. 

The  ore  from  the  C.  O.  D.  mine,  near  Chloride,  Ariz.,  is  from  a 
deposit  somewhat  similar  to  that  in  the  Carlyle  mine.     However, 
this  sample  yielded  commercial  grades  of  concentrate,  both  of  lead  • 
and  of  zinc,  as  shown  in  Table  13. 

Table  13. — Remits  of  magnetic  separation  of  ore  from  C.O,D.  mine,  near  Chloride,  Ariz. 


Pb. 

Zn. 

Fa. 

Tnanl- 

A«. 

An. 

Sample. 

Weight, 
pounds. 

Per 
cent. 

Per 
cent 
reooY" 
ered. 

Per 
cent. 

Per 

oent 

laooY- 

ared. 

Per 
oent. 

Per 
oent 
recov- 
ered. 

JUsut* 

able, 

per 

oent. 

Oonoes. 

Per 

cent 
reoov- 
end. 

Onnoes. 

Per 
cent 
recov- 
ered. 

Tabling  t«st: 

. 

0P8 

8.00 
8.67 

100.0 

7.0 
7.2 

100.0 

7.1 

0.0 

100.0 

6L0 
62.0 

18L6 
10.0 

100.0 

0L8O 
.80 

X  n  Dlv  IvOU«  •«••••• 

47.6 

loao 

Leadoonoentrata. 

2.6 

80.70 

6&0 

7.3 

6.0 

17.2 

18.1 

2.4 

04.6 

20.2 

L40 

24.6 

Zincoonoentrate. 

18.87 

2.50 

10.6 

20.0 

8L7 

18.7 

68.8 

20.8 

27.4 

46.0 

.46 

42.8 

Talliog 

27.60 
4.20 

.24 

8.0 

L6 

12.7 

2.4 

2Ql1 

80.2 

6.6 
2a8 

1&8 
10.0 

.05 
.80 

9.8 

Wlnwr 

&4 

Boasting  and  separat- 

ing first  Bino  OQii> 

centrate: 

Raw  heading..... 
Roasted  taeaiaing. 

200 

2.6 

100.0 

2ao 

loao 

18.7 

loao 

20L8 

27.4 

loao 

.46 

loao 

170 

2.8 

08.8 

24.8 

100.0 

16.0 

00.6 

2L0 

20.6 

06.1 

.46 

8&2 

Nos.    1    and    2 

"iron"   mld- 

dllna 

No.  T   "Iron" 

84 

L13 

7.0 

8.0 

2.8 

4a7 

62.2 

ia8 

6L0 

86.2 

.00 

4ao 

middling 

24 

2.20 

lao 

7.0 

4.4 

28.4 

26.7 

18.6 

82.2 

16.4 

.60 

16.7 

Zinc  conoentrate. 

110 

8. 

74.2 

88.6 

07.1 

8.8 

18.0 

26.0 

2a8 

46.0 

.26 

3&0 

Last  zinc  ooncentrate 

tabled: 

Feed 

106 

4 

06 
34 

8.33 

2ao 

2.86 
L66 

loao 

22.8 
68.2 
16.1 

88.6 
87.7 
44.2 
27.0 

loao 

3.7 
71.0 
22.7 

8.8 
8.6 
3.6 
4.0 

loao 

3.6 
67.2 
38.1 

26.0 

7.8 

10.1 

4L7 

JjtaA  conoentrate. 

Zinc  concentrate . 

Zinc  middling 

The  Middle  Golconda  mine,  near  the  Chloride,  Arizona,  district  has 
zin&-iron  sulphide  ore  carrying  small  amounts  of  silver,  lead,  and 
copper.  On  account  of  the  small  lead  content  it  was  difficult  to  get 
a  dean  galena  concentrate  free  from  zinc  on  the  concentrating  tables. 
The  zinc-iron  middling  could  be  separated  easily  into  a  zinc  concen- 
trate of  commercial  grade  and  an  iron  concentrate,  containing  some 
lead  and  silver,  which  could  either  be  combined  with  the  lead  con- 
centrate produced  on  the  tables,  or  discarded,  according  to  the  dis- 
tance from  a  lead  smelter.  The  flotation  of  the  slime  of  this  ore 
produced  a  mixed  lead-zinc  sulphide  concentrate  that  could  be  mar- 
keted, although  not  to  as  good  advantage  as  separate  lead  and  zinc 
concentrates.    The  results  are  shown  in  Table  14. 
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8TJMMABT  OF  THB  MAQNETI0-8EPABATION  TESTS. 

A  number  of  the  less  complex  mixedngiilphide  ores  from  mines  in 
the  western  States  have  been  tested  for  magnetic  separation  of  the 
iron  stdphide  with  varying  degrees  of  success.  Some  of  them  give 
commercial  grades  of  concentrate. 

BOASTING  ZINC  SULPHIDE  ORES.- 
GHLOBIDIZINa  BOASTINa. 

For  some  years  previous  to  the  inception  of  the  work  at  the  Salt 
Lake  City  station,  various  chloridizing  processes  had  been  poptdar 
in  Utah.  The  large  supplies  of  salt  available  in  this  State  made 
chloridizing  roasting  and  bnne  leaching  a  logical  development  in  the 
metallurgical  treatment  of  low-grade  and  complex  ores.  The  plants 
of  the  Mines  Operating  Co.  at  Park  City  and  of  the  Knight-Christensen 
Metallurgical  Co.  at  Silver  City  were  designed  to  remove  copper, 
gold,  and  silver  from  the  low-grade  sUiceous  ores  found  in  many  of 
the  western  mining  districts.  Recovery  of  the  lead,  in  addition  to 
these  three  metals,  had  not  received  much  attention,  although  some 
lead  had  been  recovered  in  these  plants.  Therefore,  the  Salt  Lake 
City  station  made  a  study  of  the  action  of  the  lead  and  zinc  minerals 
during  chloridizing-blast-roasting  and  leaching,  as  practiced  in  the 
above  mills,  with  the  object  of  determining  whether  the  processes 
cotdd  be  extended  or  modified  in  order  to  recover  all  of  the  lead  and 
the  zinc. 

The  results  of  the  work  on  lead  have  been  published  by  the  Bureau 
of  Mines  in  Bulletin  Id?.'^  Seemingly,  it  should  be  easily  possible  to 
modify  the  processes  used  in  order  to  make  proper  recovery  of  the 
lead. 

The  work  with  the  zinc  minerals  was  unsuccessful  as  only  part  of 
the  zinc  could  be  chloridized.  The  question  of  chloridizing  oxidized 
zinc  ores  is  discussed  in  another  part  of  this  bulletin  (p.  120) .  As  re- 
gards the  zinc-sulphide  ores,  satisfactory  roasting  and  chloridizing  in 
either  the  Holt-Dern  shaft  roaster  or  the  Knight-Christensen  down- 
draft  roaster  seemed  impossible.  With  an  ore  containing  5  per  cent 
of  zinc  as  the  sulphide,  in  a  quartz  gangue,  it  was  found  that  under 
the  conditions  prevailing  in  tixe  blast  roasters  the  zinc  sulphide  did 
not  have  tame  to  roast,  either  in  the  presence  or  absence  of  salt. 
None  to  12  per  cent  of  the  zinc  would  volatilize,  probably  as  chlorides, 
and  5  to  36  per  cent  of  the  zinc  in  the  calcine  was  soluble.  Leaching 
with  acidified  brine  would  usually  extract  not  more  than  half  of  the 
zinc  in  the  calcine,  including  the  water-soluble  or  chloridized  zinc. 

a  Experlmenten:  W.  O.  WooU;  C.  L.  Larson,  M .  J.  Udy,  Walter  Neal,  R.  W.  Johnson,  and  J.  F.  CuUen. 
»  Lyon,  D.  A.,  and  Ralston,  0. 0.,  Innovatloni  In  fba  metallurgy  of  lead:  BuU.  W»  Bureau  of  Mines, 
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To  describe  in  detail  the  varioiis  tests  made  on  this  material  would 
serve  no  useful  purpose.     The  following  brief  summary  will  suffice: 

The  ore  was  roasted  after  being  ground  to  many  different  sizes, 
varying  from  8-mesh  to  100-mesh  material.  The  quantity  of  fuel 
used  varied  from  1  to  5  per  cent,  and  the  amount  of  salt  from  3  to 
10  per  cent  of  the  weight  of  the  ore.  The  blast  pressiire  was  varied 
in  order  that  temperatures  of  600**  to  900**  C.  could  be  obtained. 
The  roasting  period  was  varied  from  15  minutes  to  3  hours.  In 
no  test  did  it  seem  possible  to  roast  more  than  50  per  cent  of  the 
zinc  to  a  form  soluble  in  acid  brine.  The  chemical  and  physical 
properties  of  zinc  sulphide  are  such  that  it  usually  roasts  very 
slowly,  and  the  brief  time  that  the  mineral  is  heated  in  an  oxidiz- 
ing atmosphere  in  the  blast  roasters  used  does  permit  complete 
roasting.  With  the  shallow  bed  on  the  down-draft  roaster,  which 
gives  a  15-minute  roast,  usually  not  more  than  20  per  cent  of  the 
zinc  is  oxidized  or  chloridized,  and  in  many  of  the  tests  the  total 
amount  of  zinc  removed  during  such  treatment  was  only  about  5 
per  cent. 

OXIDE  BOASTINO. 

By  oxide  roasting  is  meant  the  roasting  of  zinc-sulphide  ores  to 
as  low  a  percentage  of  sulphur  as  possible.  As  zinc  sulphide  is  one 
of  the  most  refractory  of  the  major-metal  sulphides  to  roast,  advance- 
ment in  the  art  of  roasting  these  ores  is  far  from  satisfactory.  How- 
ever, no  doubt  considerable  improvements  will  be  made  in  mechan- 
ical contrivances  for  obtaining  continuous  roasting  of  such  ores. 
The  chief  objection  to  existing  types  of  furnaces  is  that  when  the 
roast  is  carried  to  the  point  of  satisfactory  elimination  of  sulphur 
the  costs  of  building  and  operation  are  very  high.  For  zinc-retort 
smelting  it  is  important  that  no  sulphur  be  left  in  the  calcine.  The 
statement  has  often  been  made  that  every  pound  of  sulphur  left 
in  the  calcine,  restrains  2  pounds  of  zinc  from  distilling  in  the  retorts. 

For  leaching  the  zinc  calcine  with  sulphuric  acid,  complete  desul- 
phurization  of  the  ore  is  not  required  but  complete  oxidation  of 
the  sulphides  of  zinc  is  necessary.  In  other  words,  the  amount  of 
zinc  converted  to  sulphate  of  zinc  is  imimaterial,  as  long  as  all  of  the 
sulphide  of  zinc  is  roasted.  Usually  the  lower  the  temperature  of 
roasting  the  greater  is  the  percentage  of  zinc  sulphate  formed,  but 
also  the  greater  is  the  liability  of  leaving  some  imroaated  zinc  sul- 
phide imless  the  time  of  roasting  is  extended  over  a  long  period. 
The  higher  the  temperature  of  roasting  the  higher  is  the  percentBff^ 
of  oxide  of  zinc  formed,  because  zinc  sulphate  decomposes  thermally 
at  temperatures  above  680®  C.  The  desirability  of  making  zinc 
sulphate  will  depend  on  the  acid  requirements  of  the  ore  diuing 
leaching.  An  electrolytic  zinc  process  returns  the  used  add  for 
leaching  and  only  enough  new  acid  need  be  added  to  bring  the  solu- 
tion up  to  the  desired  strength  and  make  up  for  mechanical  losses. 
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SULPHATE  BOASTINa. 

The  principles  of  sulphate  roasting  of  zinc  sulphide  in  the  ordi- 
nary reverberatory  type  of  roaster  are  fairly  well  known,  but  the 
sulphating  efficiency  of  blast  roasters  has  not  been  generally  tested. 
As  chloridizing  roasting  had  failed  in  the  tests  just  described,  sul- 
phating roasting  did  not  seem  to  be  a  very  promising  field  for  experi- 
ment. However,  a  few  tests  were  made  in  the  Holt-Dem  laboratory 
roaster,  running  slowly  and  with  a  low  blast.  The  low  blast  per- 
mitted a  low  temperature  and  a  long  roasting  period,  conditions 
which  are  necessary  when  attempting  to  form  zinc  sulphate.  The 
quantity  of  water-soluble  zinc  after  such  a  roast  was  nearly  always 
small  and  rarely  exceeded  10  per  cent  of  the  total  zinc  content. 
Hence  the  blast  roaster  is  not  adapted  to  such  work. 

In  a  series  of  oxidizing  roasts  of  zincHSulphide  ores,  made  in  a 
small  gas-fired  reverberatory  roaster,  many  of  the  roasts  were 
leached  with  water.  The  conditions  of  formation  of  zinc  sulphate 
in  a  muffle  are  discussed  in  connection  with  that  series  of  tests. 

At  Great  Falls,  Mont.,  the  Anaconda- Wedge  roaster  is  giving  a 
22-hour  roast  to  complex  sulphide  ore,  the  temperature  being  about 
600^  C,  and  the  ore  being  rabbled  four  times  a  minute.  About 
30  to  50  per  cent  of  the  zinc  is  sulphated.  Marmatite  ores  give 
better  results  in  sulphate  roasting  than  ''free"  ores,  possibly  because 
of  the  catalytic  effects  of  iron  oxide  in  direct  contact  with  the  zinc 
oxide.  The  low  temperature  used  is  to  prevent  the  breaking  up  of 
zinc  sulphate  and  also  the  formation  of  ferrites  of  zino. 

An  extensive  series  of  roasting  tests  of  various  complexHsulphide 
ores  containing  zinc  was  made  at  varying  temperatures  and  for 
different  lengths  of  time  to  determine  the  best  conditions  for  roast- 
ing such  ores.  At  first  a  gas  muffle  furnace  was  used,  the  ore  being 
placed  on  the  bottom  of  the  muffle.  A  platinum  and  platiniun- 
rhodium  thermocouple  protected  by  alundum  tubing  was  used  to 
measure  the  temperatures  in  the  furnace.  It  was  soon  found  that 
roasting  in  such  a  furnace  was  of  no  value,  as  the  ore  next  the 
bottom  of  the  muffle  became  much  hotter  than  that  farther  from 
the  bottom.  Hence  the  use  of  roasting  dishes  became  necessary, 
and  a  gas  reverberatory  roasting  furnace  2  feet  by  3  feet  in  size, 
was  used,  to  parallel  more  nearly  the  conditions  in  a  commercial 
roaster. 

The  reason  for  studying  roasts  of  this  kind  was  that  considerable 
trouble  was  then  being  experienced  in  the  experimental  electrolytic 
zinc  plants  at  Anaconda,  Mont.;  Trail,  B.  C;  Murray,  Utah; 
Welland,  Ontario,  and  other  places,  in  getting  a  calcine  that  was 
completely  roasted.  It  seemed  to  be  the  conunon  experience  that 
in  such  calcines  60  to  70  per  cent  of  the  zino  would  be  acid-soluble; 
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the  remainder  was  suspected  to  be  largely  sulphide  of  zinc,  although 
ferrite  of  zinc  was  also  known  to  be  present.  Chemical  analyses 
showed  sulphur  left  in  the  calcine.  The  question  for  determina- 
tion was  whether  it  would  be  possible,  even  by  roasting  in  shallow 
dishes  in  a  furnace  of  controlled  temperature  and  with  considerable 
rabbling,  to  calcine  these  ores  in  a  short  length  of  time,  as  can 
usually  be  done  with  copper  ores  in  furnaces  of  this  type.  For 
instance,  the  Wedge  zinc  roaster  can  usually  give  the  ore  not  more 
than  8  hours'  roast,  whereas  the  old  Hegeler  furnaces  have  been 
used  for  as  much  as  a  60-hour  roast.  The  more  recent  Anacondar 
Wedge  furnace  gives  a  20  to  22  hour  roast. 

A  further  point  of  interest  was  to  determine  the  relative  rates  of 
roasting  of  lead  and  zinc  sulphides  in  a  mixed  ore,  as  lead  leaching 
was  being  tested  at  the  same  time  in  this  laboratory.  By  treating 
the  calcine  with  hot  water  the  zinc  sulphate  formed  could  be  leached 
and  determined.  In  a  similar  way  the  total  oxidized  zinc  could  be 
determined  by  treatment  with  a  solution  of  acetic  acid  (sulphurio 
acid  tends  to  dissolve  zinc  sulphide  slowly).  The  solution  of  acetio 
acid  also  leaches  much  of  the  oxidized  lead.  A  solution  of  ammo- 
nium acetate  dissolves  lead  sulphate,  as  does  a  saturated  solution  of 
sodium  chloride.  Finally,  for  practical  purposes,  a  sulphuric  acid 
leach  to  recover  the  total  soluble  (oxidized)  zinc,  followed  by  a  brine 
leach  to  get  the  oxidized  lead,  was  made. 

BOASTING  OF  A  LOW-IBON  O&B  FBOM  DAXY-JUDOB  KZNB. 

DESCRIPTION  OF  ORB   AND  OF  METHOD  USED. 

The  first  ore  to  be  roasted,  known  as  sample  1,  was  from  the  Daly- 
Judge  mine,  of  Park  City,  Utah.  This  sample  represents  a  great  deal 
of  the  Park  City  ore;  it  contained  16.88  per  cent  Zn,  14.87  per  cent 
Pb,  2.25  per  cent  Fe,  10  per  cent  CaO,  30.8  per  cent  insoluble,  and 
12.7  per  cent  S.  The  sample  was  crushed  to  pass  a  Tyler  standard 
lO-mesh  screen  and  then  gave  the  following  screen  analysis: 

RetuUs  oftcreen  analytu  of  Dal^  Judge  No.  1  ore  cnuhed  to  pau  a  lO-meth  mreen^ 

On20-meah 21.8 

On35-meBh 19.8 

On65-me8h 16.0 

OnlOO-meah 8.8 

OnlSO-meoh 6.4 

On200-me8h 6.2 

Through  200  meah 22.0 

The  curves  in  figure  2  show  the  percentages  of  the  zinc  and  of  the 
lead  that  were  oxidized  during  the  roasting  of  portions  of  this  sample 
for  diiSerent  lengths  of  time  at  different  temperatures.     The  roasts 
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were  made  in  duplicate  and  the  average  of  the  two  reeults  taken. 
Oxidized  zinc  and  lead  were  determined  as  previously  described.  The 
portions  roasted  weighed  300  grams  each  and  were  placed  on  clay 
roasting  dishes  6  inches  in  diameter.  At  the  end  of  each  hour  they 
"vrere  withdrawn,  stirred,  sampled,  and  returned  to  the  furnace.  The 
depth  of  the  bed  of 
ore  being  roasted  was 
about  1  inch. 
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DISCUSSIOIJ      OP      lUB- 
SULTS  OF  TEST. 

The  results  show 
that  450''  C.  is  too  low 
a  temperature  for 
roasting  either  the 
sphalerite  or  the  gal- 
ena. At  550"*  C.  lit- 
tle roasting  takes 
place;  at  675"^  C. 
roasting  proceeds 
much  more  rapidly 
so  that  as  much  as  70 
per  cent  of  the  zinc 
can  be  roasted  in  10 
hours,  the  greatest 
length  of  time  that 
material  can  be  held 
in  the  usual  Wedge  or 
McDougaU  type  of 
roaster.  Probably, 
more  continuous  rab- 
bling would  permit 
faster  roasting  at  this 
temperature.  The 
curve  for  the  recovery 
of  zinc  at  900^  C.  is 
dotted  to  distinguish 
it  from  the  curves 
for  the  lower  temperatures;  for  this  curve  a  10  per  cent  solution  of 
sulphuric  acid  was  used  to  determine  the  oxidized  zinc  in  place  of 
a  40  per  cent  solution  of  acetic  acid.  The  sulphuric  acid  solution 
seems  to  dissolve  some  zinc  sulphide  as  well  as  the  oxidized  zinc. 

Perhaps  the  most  striking  feature  brought  out  in  figure  2  is  that 
the  speed  of  roasting  both  sphalerite  and  galena  depends  largely  on 
the  temperature ;  also,  these  two  minerals  seem  to  roast  at  about  the 
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FioUBS  2.— Corros  showing  effect  oC  temperature  on  s 
Ing,  Daly-Jndge  No.  1  sample,  10-mesh 


10     11 
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same  rate  of  speed.  The  drop  toward  the  end  of  the  curve  for  zino 
recovery  at  900°  C.  is  probably  due  to  the  formation  of  zinc  ferritea 
or  similar  compounds,  which  are  known  to  form  at  such  a  tempera- 
ture. In  fact,  in  roasting  an  ore  containing  much  iron,  past  work 
has  shown  repeatedly  that  750°  C.  is  about  the  highest  temperature 
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TIME  OP  ROASTING,  HOURS. 

FioUBi  3.— Curves  showing  effects  oX  leaching  with  different  solvents,  Daly-Judge  No.  1  samploi  80- 
meshslze.  Zinc:  Solid-line  curve,  sulphuric  acid  solution;  dotted  curves,  acetic  add  solution.  Lesd: 
Solid-line  curve,  addilied  ammontum  acetate  solution;  dotted  curves,  acidified  brine. 

that  can  safely  be  used,  in  order  to  avoid  the  formation  of  lerrites. 

As  much  of  the  zinc  is  roasted  to  oxide  and  as  feriite  forms  on  pro- 
nged roasting,  it  might  be  possible  to  obtain  quick  roasting  at  high 
iperatures,  provided  the  roast  was  discontinued  promptly  enough. 
is,  of  course,  could  apply  only  to  ores  low  in  iron. 
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LEAGOSINO  THS  OALOINB. 

As  there  was  some  doubt  as  to  the  relative  value  of  sulphuric  acid 
and  acetic  acid  for  recovering  the  zinc,  and  of  acid  ammonium 
acetate  and  acid  brine  for  recovering  the  lead,  comparative  leaches 
were  made  on  a  calcine  roasted  at  700°  C.  of  material  ground  to 
pass  80  mesh.  The  full-line  curves  in  figure  3  give  the  recoveries 
with  the  acetic  acid  solvents,  and  the  dotted  lines,  those  for  sul- 
phuric acid  and  acid  brine  solvents,  respectively.  It  can  be  seen  that 
much  more  zinc  is  dissolved  by  the  sulphuric  acid  solution  than  by 
the  acetic  acid  solution,  and  that  for  practical  purposes  the  leaches 
with  acetic  acid  give  low  results.  For  this  reason  sulphuric  acid  is 
the  leaching  agent  usually  used  in  mills.  In  the  same  way  a  satu- 
rated brine,  acidified  with  sulphuric  acid,  is  a  better  solvent  for  the 
lead.  Incidentally  a  roast  at  775°  C,  the  upper  allowable  limit  of 
temperature,  was  made,  with  the  result  that  practically  all  of  the 
zinc  was  rendered  soluble  in  sulphuric  acid  in  less  than  four  hours. 
Few  of  the  commercial  roasters  will  do  such  rapid  work,  and  it  would 
seem  that  roasters  adapted  to  the  use  of  very  shallow  beds  of  ore 
and  to  the  use  of  finely  divided  ore  might  well  be  devised  in  order  to 
obtain  rapid  roasting. 

BOASTING  OF  A  HIOH-IBON  OBE  FBOH  HONOBINE  MINB. 

• 

After  roasting  tests  had  been  made  with  several  sizes  of  this  low- 
iron  ore  at  different  temperatures  and  for  different  lengths  of  time 
it  was  thought  best  to  perform  similar  tests  with  an  ore  that  was 
high  in  iron.  Such  an  ore  was  available  in  the  Honorine  mine  of  the 
BulUon  Coalition  Mining  Co.,  at  Stockton,  Utah;  the  sample  ob- 
tained analyzed  as  follows:  13.1  per  cent  Zn,  10.56  per  cent  Pb,  22.2 
per  cent  Fe,  30.32  per  cent  S,  18  per  cent  insoluble,  and  2.42  per 
cent  As. 

The  portions  of  this  sample  that  were  used  for  the  tests  to  deter- 
mine the  effect  of  temperature  and  of  length  of  roasting  period  gave 
the  following  screen  analysis  after  preparation  by  crushing. 

RuulU  o/tcrem  anaiyMit  of  ore  from  Honorim  mine  qfter  cnuMng, 

On2(>-meflh 2.6 

On36-meflh 24.1 

On65-merii 22.4 

On  lOOnneeiu 10.6 

OBl50-mtth 7.8 

Gn200-meeh 1 5.5 

Through  200-me8h 26.3 
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same  rate  of  speed.  The  drop  toward  the  end  of  the  curve  for  zino 
recovery  at  900°  C.  is  probably  due  to  the  formation  of  zinc  ferritea 
or  similar  compounds,  which  are  known  to  form  at  such  a  tempera- 
ture. In  fact,  in  roasting  an  ore  containing  much  iron,  past  work 
has  shown  repeatedly  that  750°  C.  is  about  the  highest  temperature 
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Fioxmi  3.— Curves  showing  effects  of  leaching  with  different  solvents,  Daly-Judge  No.  1  sample,  80> 
mesh  size.  Zinc:  Solid-line  curve,  sulphuric  add  solution;  dotted  curves,  acetic  add  solution.  Lead: 
Solid-line  curve,  addifled  ammonium  acetate  solution;  dotted  curves,  addlfled  brine. 

that  can  safely  be  used,  in  order  to  avoid  the  formation  of  lerrites. 
As  much  of  the  zinc  is  roasted  to  oxide  and  as  ferrite  forms  on  pro- 
longed roasting,  it  might  be  possible  to  obtain  quick  roasting  at  high 
temperatures,  provided  the  roast  was  discontinued  promptly  enough. 
This,  of  course,  could  apply  only  to  ores  low  in  iron. 
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LSAGOSINO  THS  GALOINIB. 

As  there  was  some  doubt  as  to  the  relative  value  of  snlphuric  acid 
and  acetic  acid  for  recovering  the  zinc,  and  of  acid  ammonium 
acetate  and  acid  brine  for  recovering  the  lead,  comparative  leaches 
vr&re  made  on  a  calcine  roasted  at  700^  C.  of  material  ground  to 
pass  80  mesh.    The  full-line  curves  in  figure  3  give  the  recoveries 
i^th  the  acetic  acid  solvents,  and  the  dotted  lines,  those  for  sul- 
phuric acid  and  acid  brine  solvents,  respectively.    It  can  be  seen  that 
much  more  zinc  is  dissolved  by  the  sulphuric  acid  solution  than  by 
the  acetic  acid  solution,  and  that  for  practical  purposes  the  leaches 
with  acetic  acid  give  low  results.    For  this  reason  sulphuric  acid  is 
the  leaching  agent  usually  used  in  mills.    In  the  same  way  a  satu- 
rated brine,  acidified  with  sulphuric  acid,  is  a  better  solvent  for  the 
lead.     Incidentally  a  roast  at  775°  C,  the  upper  allowable  limit  of 
temperature,  was  made,  with  the  result  that  practically  all  of  the 
zinc  was  rendered  soluble  in  sulphuric  acid  in  less  than  four  hours. 
Few  of  the  commercial  roasters  will  do  such  rapid  work,  and  it  would 
seem  that  roasters  adapted  to  the  use  of  very  shallow  beds  of  ore 
and  to  the  use  of  finely  divided  ore  might  well  be  devised  in  order  to 
obtain  rapid  roasting. 

BOASTING  OF  A  HIOH-IBON  OBE  FBOH  HONOBINE  MINB. 

After  roasting  tests  had  been  made  with  several  sizes  of  this  low- 
iron  ore  at  different  temperatures  and  for  different  lengths  of  time 
it  was  thought  best  to  perform  similar  tests  with  an  ore  that  was 
high  in  iron.  Such  an  ore  was  available  in  the  Honorine  mine  of  the 
BuUion  Coalition  Mining  Co.,  at  Stockton,  Utah;  the  sample  ob- 
tained analyzed  as  foDows:  13.1  per  cent  Zn,  10.56  per  cent  Pb,  22.2 
per  cent  Fe,  30.32  per  cent  S,  18  per  cent  insoluble,  and  2.42  per 
cent  As. 

The  portions  of  this  sample  that  were  used  for  the  tests  to  deter- 
mine the  effect  of  temperature  and  of  length  of  roasting  period  gave 
the  following  screen  analysis  after  preparation  by  crushing. 

ReiuUs  of  screen  analyeu  o/ ore  from  Honorint  mine  qfter  crushing. 

PWMOk. 

On2(>-meflh 2.6 

On35-meBh 24.1 

On65-inerii 22.4 

OnlOOnneiiu 10.6 

Oiil50-iDtth 7.8 

On200-meflh T 5.6 

Thiough  200-me8h 26.3 
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EFFECTS   OF  TEMPEBATUBE  AND  TIME   OF  BOASTING. 

The  lowest  temperature  investigated  in  this  series  of  tests  was 
700°  C,  as  the  lower  temperatures  had  been  shown  to  be  unsatisfac- 
tory for  roasting  zinc  and  lead  minerals.  Figure  4  shows  that  during 
the  first  two  hours  more  soluble  zinc  is  formed  by  roasting  at  800°  C. 
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FiQUBE  4.~Oiirres  sbowlxig  effects  of  temperature  on  speed  of  roasting;  Bullion  Ckialitlony  No.  5  nmple, 

97.4  per  cent  passed  30-mesh. 

than  by  roasting  at  700®  C,  owing  to  the  more  rapid  roasting,  but 
that  after  two  hours  the  800®  roast  contains  less  soluble  zinc  than  the 
700®  roast,  whereas  the  solubility  of  the  zinc  is  very  low  after  a  900® 
roast.  This  decrease  in  solubility  was  assumed  to  be  due  to  the  forma- 
tion of  ferriteS;  although  the  lead  might  be  the  cause  of  some  of  the 
trouble.  However,  as  the  lead  did  not  cause  any  trouble  in  the  first 
ore  tested,  this  latter  assumption  is  not  regarded  as  probable.     The 
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curves  show  that  it  is  not  safe  to  heat  the  ore  much  above  700''  C. 
during  the  roasting.  Mpreover,  some  of  the  lead  is  rendered  insoluble 
on  long  roasting  at  high  .t^nperatures  and  the  lead  recovery  curves 
show  a  decided  drop  with  increasing  time.  Practically*  all  of  the 
zinc  is  rendered  soluble  in  about  six  hours'  roasting  at  700°,  whereas 
nearly  10  hours'  roasting  seemed  to  be  necessary  for  mayimuTu  solu- 
bility of  the  lead. 
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FlOina  6.— Corv«f  diowlag  effects  of  siie  of  ore  on  speed  of  roastixig;  BuIUan  Coalition,  No.  6 

roasted  at  700*  C,  20-mesh  and  lOO-mesh  sizes. 


ple» 


BFFSOTS   OF   FINSNBSS   OF   GBINDING. 

Figure  5  shows  the  time-extraction  curves  for  two  roasts  on  mate- 
rial of  different  sizes,  20-mesh  and  100-mesh.  It  is  surprising  how 
small  a  difference  the  size  of  the  particles  makes  in  the  roasting  of 
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sphalerite.  The  material  ground  to  pass  a  100-mesh  screen  sho^^ed 
the  gradual  formation  of  ferrite  during  the  last  eight  hours  of  the 
roast.  This  seems  reasonable,  as  the  ore  is  more  finely  ground  and 
there  is  a  better  chance  for  the  sphalerite  being  in  contact  with  pyrite 
during  the  roasting,  with  the  resultant  combination  of  iron  oxide  Tirith 
zinc  oxide  as  time  goes  on.  As  regards  the  galena,  the  lead  recov- 
eries from  the  100-mesh  material  were  markedly  higher,  after  a  given 
length  of  time,  than  the  corresponding  ones  for  20-mesh  material. 
The  maximum  percentage  of  lead  rendered  soluble  by  roasting 
20-mesh  material  was  about  80  per  cent,  whereas  nearly  90  per  cent 
was  rendered  soluble  in  the  roasting  of  the  100-mesh  material. 

EXPEBIMBNTS  TO  DETEBJONE  EFFECTS  OF  LEAD. 

In  these  tests  it  was  suspected  that  some  of  the  lead  after  roasting 
tended  to  form  lead  silicate.     To  obtain  light  on  this  point,  a  finely 

ground  slime  from  the  dump 
of  the  Horn  Silver  mine  at 
Frisco,  Utah,  was  roasted. 
This  material  had  the  fol- 
lowing analysis :  6.3  per  cent 
Zn,  7.4  per  cent  Pb,  53.6  per 
cent  insoluble,  4.4  per  cent  Fe, 
2.2  per  cent  CaO,  6.13  per 
cent  S,  and  8.5  per  cent  AI3O,. 
The  results  of  the  two  roasts 
made  are  plotted  in  figure  6. 
It  can  be  seen  that  roasting 
at  650°  C.  renders  practically 
all  of  the  lead  soluble  in  a 
very  short  time.  Eighty  per 
cent  of  the  lead  in  this  ore  was 
oxidized  before  roasting  and 
only  20  per  cent  of  the  zinc 
was  oxidized.  When  the  ore 
was  roasted  at  750°  C,  the 
solubility  of  the  lead  seemed 
to  be  less,  although  the  re- 
covery of  zinc  was  much  bet- 
ter, than  from  roasting  at  650°  C.  However,  the  formation  of  ferrite 
of  zinc  at  750°  C.  seems  to  be  quite  plainly  indicated  by  the  fall  in 
the  last  two-thirds  of  the  zinc  curve  for  that  temperature. 

Similar  curves  for  the  roasting  of  a  series  of  ores  all  of  which  con- 
tained both  lead  and  zinc,  at  750°  C,  are  shown  in  figure  7.  The 
analyses  of  these  ores  are  given  in  Table  15.  Bullion  Coalition  No.  1 
'ample  is  representative  of  a  large  tailing  dump  from  a  concentration 
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FiouSE  6.— Curves  showing  effects  of  temperature  on 
solubility  of  zino  and  lead  in  slime  from  Horn  Silver 
dump,  Frisco,  Utah,  660  and  750"  C. 
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mill  in  which  most  of  the  zinc 
and  lead  sulphides  had  been 
removed  from  the  pyritiferous 
ganguc  by  gravity  concentra- 
tion. BuUion  Coalition  No.  2 
sample  is  representative  of  a 
zinc-iron-lead  middling  prod- 
uct, made  at  this  mill,  which 
ia  run  into  the  tiuling.  The 
American  Flag  No.  2  sample 
is  representative  of  the  partly 
oxidized  ores  of  the  Park  City 
district  of  Utah,  and  the  Daly- 
Judge  No.  2  sample  is  repre- 
sentative of  the  deeper  sulphide 
ores  of  that  district  when  iron 
b  present  in  larger  amounts. 
The  Ophir  Hill  No.  2  sample  is 
of  the  alime  tailing  of  the  Ophir 
Hill  mill  at  Ophir,  Utah,  not 
far  from  Stockton,  where  the 
Bullion  Coalition  mines  are  sit- 
uated. 

In  general,  the  tests  showed 
that  for  all  of  these  ores  the 
most  favorable  roasting  tem- 
perature was  750°  C  At  this 
temperature  the  maximum  pro- 
portion of  soluble  zinc  obtained 
is  formed  in  about  four  hours, 
if  the  roasting  bed  is  not  more 
than  an  inch  deep.  The  same 
remark  applies  to  the  lead  in 
these  ores. 


TIME  or  BOASTING,  HOtTSB. 
FlQCEE  T.— Corvs  sbowlng  cOects  ol  roaatlng  on  lolll 
bUltf  of  line  and  lead  In  nriom  om,  THI'C.is,  BoL 
lion  CoaUtioa,  No,  1  sampls;  b,  BnllioQ  Coalition,  Noa 
Swnpla;  c,  Amarlon  FUc,  No,  2uaiple:  d,  Dolr 
Judge,  No.  3  sample;  (,  OpliIiHill,  No.  laampls. 
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64  RECOVERY  OF  ZIXC  FROM  ORES, 

LEACHINa  THE  CALCINED  OBE. 
GENERAL  METHOD   USED   IN   TESTS. 

After  the  best  conditions  for  roasting  the  zinc  in  the  ores  had  been 
determined  the  next  step  was  to  run  larger  leaching  tests.  As 
750*^  C.  had  been  found  the  best  temperature,  the  experiments  were 
made  by  roasting  the  ores  at  that  heat  and  then  leaching  the  calcines 
in  2.5-liter  bottles.  The  calcines,  before  leaching,  were  groimd  to 
pass  a  60-me8h  sieve,  in  order  that  all  lumps  might  be  broken.  Five 
leaches  were  made  on  the  calcines  of  each  roast,  as  follows:  (1) 
Using  the  theoretical  amount  of  sulphxiric  acid  needed  to  dissolve 
the  zinc  and  agitating  the  mixture  for  1.5  hours;  (2)  using  a  slight 
excess  of  sulphuric  acid  over  the  theoretical  amount  and  agitating 
1.5  hours;  (3)  using  a  large  excess  of  acid  and  agitating  for  1.5  hours; 
(4)  using  a  small  excess  of  acid  and  leaching  for  3  hours;  (5)  using  a 
large  excess  of  acid  and  leaching  for  3  hours.  This  series  was  to 
determine  whether  an  excess  of  acid  was  necessary  for  extracting  all 
of  the  zinc  and  whether  3  hours'  agitation  woidd  give  any  better 
extraction  than  did  1.5  hours.  Previous  work  in  the  laboratory  had 
shown  that  as  a  rule  most  of  the  zinc  went  into  solution  during  the 
first  few  minutes  of  agitation. 

The  acid  efficiency  was  calculated  from  the  analyses  of  the  solu- 
tions and  the  assay  of  the  tailing.  The  percentage  of  zinc  recovery 
was  calculated  from  either  the  analysis  of  the  solution  or  the  assay 
of  the  tailing,  and  often  as  a  check  on  the  work  from  both.  The 
recoveries  as  calculated  by  these  two  methods  should  serve  as  a 
check  without  the  running  of  duplicate  analyses. 

In  many  of  the  tests  the  taiUng  from  the  acid  leaches  was  again 
leached  with  saturated  bhne  in  order  to  remove  the  lead  sulphate 
that  had  formed  during  the  roasting  or  during  the  leaching  of  the 
zinc.  Thus  it  was  possible  to  determine  whether  an  ore  of  mixed 
lead  and  zinc  sulphides  might  be  roasted,  and  the  zinc  and  the  lead 
leached  separately. 

TESTS   OF   ORE    FROM   DALY-JUDGE   MINE. 

The  first  ore  treated  was  the  Daly-Judge  No.  1,  previously  described. 
The  results  of  the  leaching  tests  of  this  ore  are  given  in  Table  16. 
The  first  five  tests  seemed  to  indicate  a  shght  advantage  in  treating 
the  ore  for  3  hours  instead  of  for  1^  hom^,  but  this  is  not  true  of  the 
next  five  tests.  In  any  event  the  difference  is  sUght.  The  ore  used 
up  all  of  the  acid  when  only  the  amount  theoretically  required  to 
dissolve  the  zinc  was  added.  Of  course,  some  of  the  zinc  sulphide 
had  been  roasted  to  sulphate,  but  the  amount  was  small  as  deter- 
mined a  number  of  times  by  water  leaches  of  the  calcines.  The 
temperature  was  high  enough  and  the  time  of  roasting  long  enou^ 
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68  RECOVERY  OF  ZINC  FROM  ORES. 

SO  that  usually  most  of  the  zinc  sulphate  formed  was  broken  up. 
With  .this  ore  the  recovery  of  zinc  possible  by  the  method  of  leaching 
used  is  apparently  about  85  per  cent,  and  the  acid  ejfficidncy  varies 
from  about  65  to  75  per  cent.  About  80  per  cent  of  the. lead  cwi  be 
recovered  from  the  tailing  by  leaching  with  saturated  brine  for  two 
hours. 

TESTS   OF  ORE   FROM   BULLION   COALITION   MINE. 

The  Daly-Judge  ore  was  roasted  on  clay  roasting  dishes.  In  test- 
ing the  BulUon  Coalition  No.  5  ore^  roasting  both  in  dishes  and  on 
the  bottom  of  the  muffle  was  tried.  The  results  of  these  two  tests, 
presented  in  Table  17,  show  that  roasting  on  the  bottom  of  the 
muffle  was  fairly  successful,  whereas  roasting  in  dishes  gave  low 
recoveries,  both  of  the  zinc  and  of  the  lead.  As  it  was  thought  that 
the  temperature  of  roasting  had  been  too  high,  another  roast  was 
made  (see  Table  17)  at  700°  C.  and  for  a  longer  period  (6  hours). 
The  zinc  recovery  was  better,  but  the  lead  recovery  was  somewhat 
low.  This  ore  is  difficult  to  roast  on  accoimt  of  the  large  content  of 
pyrite;  seemingly  the  best  recovery  possible  is  about  75  per  cent  of 
the  zinc  and  about  80  per  cent  of  the  lead,  with  about  80  per  cent 
acid  efficiency.  For  removing  zinc  from  the  calcines  a  3-hour  leach 
seems  to  show  little  improvement  over  a  l^-hour  leach. 

EFFECTS  OP  ROASTINQ   WITH  SODIUM   CHLORIDE. 

As  some  success  was  had  in  the  removal  of  lead  from  such  mixed 
sulphide  ores  by  roasting  with  sodium  chloride  in  tests  reported 
under  the  subject  of  ''Lead  in  complex  sulphides,"  one  roast  was 
made  in  this  series  of  tests  in  which  10  per  cent  of  common  salt  was 
added  to  the  ore.  As  a  result  of  adding  the  salt  (see  Table  18),  only 
a  small  proportion  of  the  zinc  sulphide  was  converted  to  soluble  form, 
but  the  lead  sulphide  was  rendered  almost  completely  soluble. 
This  result  is  much  Uke  that  obtained  in  the  work  on  lead,  except  that 
with  a  blast  roaster  the  lead  can  be  almost  entirely  converted  to 
soluble  form  in  the  presence  of  zinc  sulphide,  whereas  usually  only 
4  to  10  per  cent  of  the  zinc  sulphide  is  converted.  On  that  account 
salt  is  evidently  not  a  desirable  addition  product  in  reverberatory 
roasting  of  sphalerite. 

TREATMENT   OF  LOW-LEAD  MILL  PRODUCTS. 

Next  a  series  of  roasts  were  made  on  mill  products  that  did  not 
contain  lead  in  important  amounts.  Two  samples  of  zinc  concen- 
trates of  relatively  high  grade,  one  from  Joplin,  Mo.,  and  the  other 
from  Midvale,  Utah,  were  roasted  and  leached,  to  determine  what 
recoveries  of  zinc  might  be  expected  under  the  conditions  in  the 
laboratory  roaster.    Also,  a  sample  ot  zinc-iron  middling  from  the 
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wet-concentration  mill  at  Midvale  and  a  sample  of  ore  from  the  Wasa 
mine  at  Hall,  Mont.,  were  treated.  The  Wasa  mine  ore  contains 
most  of  the  zinc  as  marmetite,  the  doublie  sulphide  of  zinc  and  iron, 
in  which  iron  sulphide  is  thought  to  be  present  in  solid  solution  in 
the  zinc  sulphide. 

The  analyses  of  these  four  products  is  given  in  Table  19,  and  the 
screen  analyses  of  the  products  that  were  roasted  are  presented  in 
Table  20. 

Table  19. — Results  of  analyses  of  four  zinc  products  low  in  lead. 


Ore. 


Joplin  blondo  conoentratos.. . 
MvivBle  blonde  ooncontrates. 
Midvalo  sino-iron  middlings. 
Wasa  mine  ore 


Insoln* 
ble. 


PeretnL 


37.5 


CaO. 


Percent. 


1.37 


Fo. 


Percent. 


5.33 
24.87 
2a  30 


Zn. 


Percent. 
66.2 
55.6 
28.25 
15.1 


Pb. 


Percent. 


1.86 
3.66 
0.71 


Cu. 


Percent. 


1.16 
1.00 
1.60 


8. 


PercenL 


86.95 
26l66 
21.95 


Table  20. — Results  of  screen  analyses  of  zinc  ores  and  concentrates  low  in  lead. 


Size  of  menh. 

Missoori 

sine 
•blondo. 

MidvaJe 

Bine 
bfende. 

Midvale 
sino-lron 
middling. 

Wasa 

mine 

ore. 

On  20-mosh 

percent.. 

7.8 

32.2 

27.8 

11.8 

4.4 

7.2 

8.6 

On  36*niesh 

do — 

do.... 

1&4 

On65-mesh 

2.8 
23.2 
2a8 
33.2 
1&6 

7.2 
24.2 
18.8 
23.2 
25.8 

27.8 

OnlOfK-tnesh. 

On  150-me9h 

do 

do 

11.4 
4.6 

On  200-niesh 

do 

9.0 

Throiuch  200-niesb ^ 

.do...- 

28L6 

1 

The  high-grade  concentrate  from  Joplin,  Mo.,  was  almost  pure 
blende  of  a  beautiful  orange  hue,  and  any  failure  to  recover  all  of  the 
zinc  could  only  be  due  to  incomplete  roasting.  This  test  gave  a 
measure  of  the  success  of  the  roasting  tests  that  are  recorded  here. 
As  can  be  seen  from  Table  21,  roasting  this  material  at  750°  C.  for 
five  hours  rendered  only  89  per  cent  of  the  total  zinc  soluble  in  the 
leaching  solutions.  The  conclusion  is  that  the  roast  must  have  been 
incomplete.  The  tailing  would  have  to  be  reroasted  if  this  were  the 
best  work  that  could  be  done  on  a  single  roast.  The  work  of  nearly 
everyone  who  has  roasted  this  type  of  material  has  shown  that  well 
above  95  per  cent  of  the  total  zinc  content  can  be  rendered  soluble 
by  sufficiently  lengthening  the  time  of  the  roast,  and  on  that  account 
little  apprehension  need  be  had  over  any  necessity  of  reroasting  the 
residue.  Also,  in  these  tests  an  acid  efficiency  of  more  than  90  per 
cent  was  attained. 
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Table  21. — Leaching  tine  blende  from  Joplin,  Mo.,  after  rwuting, 

(Roasted  at  760*  C.  for  6  houis.] 


Time, 
hours. 

Acid  used. 

Free 

acid, 
grams. 

Weight 
ofsam« 
sample, 
grams. 

Percent- 
age of 
sine  in 
heads. 

Zinc  (grams)  in— 

Loach  No. 

* 

Per  cent. 

Orams. 

Heads. 

tails. 

Sohitlon. 

1 

1} 
li 

1 
3 

U 

10 
10 
10 
10 
10 

26.  IS 
31.40 
4L80 
3L40 
4L80 

•       2.2 
7.6 

17.0 
7.4 

17.6 

26 
26 
26 
25 
25 

66.2 
66.2 
66.2 
66.2 
66.2 

16.56 
16.56 
16.56 
16.56 
16.56 

X08 
L99 
1.90 
2.01 
2.01 

14.  S 

2 

14.8 

3 

14.42 

4 

14.80 

6 

14.68 

Leach  No. 

Time, 
hours. 

Acid  used. 

Zinc  (per  cent) 
recovered  by- 

Iron  (grams)  In— 

Acid 
effi- 
ciency. 

Pulp 

Percent. 

Orams. 

Tails 
assay. 

SolUtlOD. 

Heads. 

Solution. 

ratio. 

1 

1 

l} 
3 

10 
10 
10 
10 
10 

26ul8 
31.40 
4L80 
3L40 
4L80 

87.2 
88.0 
-8&6 
87.8 
87.8 

86.4 
89.4 
87.2 
89.4 
8&0 

0.6 
a6 
a5 
0.6 

a6 

a036 
a  042 
a035 
a044 
a  037 

9ai 
98.6 
87.8 
03.1 
9L6 

9 

2 

11 

3 

15 

4 , 

11 

6 

15 

The  roast  of  the  Midvale  blende  concentrate^  as  seen  in  the  first 
part  of  Table  22,  was  more  successful,  possibly  because  it  was  finer 
than  the  Missouri  concentrate.  Extractions  of  more  than  96  per 
cent  were  obtained,  and  the  acid  efficiency  was  practically  100  per 
cent.  Any  lead  present  was  rendered  almost  completely  soluble  in 
brine  solution.  The  lack  of  agreement  between  the  solution  recoveries 
and  the  removal  of  lead  as  indicated  by  the  analysis  of  the  tailing 
indicate  that  about  25  per  cent  of  the  lead  had  volatilized  during  the 
roast.  The  success  of  this  roast  showed  that  with  proper  grinding  the 
conditions  of  roasting  chosen  were  designed  to  give  high  recoveries 
of  the  zinc  and  the  lead. 

In  the  treatment  of  the  middlings  from  Midvale  the  recovery  of 
zinc  was  not  so  high,  possibly  through  the  formation  of  ferrites  dur- 
ing roasting.  The  results  are  given  in  the  second.part  of  Table  22. 
Practically  all  of  the  lead,  which  was  present  in  small  amount,  was 
recovered  by  leaching  in  brine  solution  following  the  sulphuric-acid 
leaching  for  zinc. 
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TESTS   OF  MARMATITE  ORE  FROM   WASA   MINE, 

Roasting  and  leaching  of  the  marmatite  ore  from  the  Wasa  mine 
gave  low  recoveries  of  the  zinc;  the  maximum  recovwy  possible 
seemed  to  be  about  75  per  cent.  A  3-hour  contact  with  excess  of 
acid  failed  to  dissolve  any  more  zinc  and  only  used  up  more  acid, 
reducing  the  acid  efficiency  from  100  per  cent,  as  indicated  by  a  1.5- 
hour  leach,  to  83  per  cent.  Low  zinc  recoveries  are  to  be  expected 
from  such  ore,  on  account  of  the  intimate  contact  of  iron  and  zinc 
in  the  mineral.  Practically  ideal  conditions  exist  in  this  ore  for  the 
formation  of  zinc  ferrite  from  the  iron  and  zinc  oxides  formed  in 
roasting,  as  the  purest  piece  of  blende  contained  about  12  per  cent 
iron.  A  number  of  other  roasts  of  this  ore  were  tried,  the  results  of 
which  need  not  be  recorded  in  this  paper,  but  seemingly  no  better 
recoveries  of  the  zinc  could  be  obtained.    The  data  for  tie  first  test 

_  • 

are  given  in  Table  23. 

Table  23. — Results  of  leaching  ore  from  Wasa  mine,  after  roasting  at  750^0.  for  4  hours. 


Time, 
hours. 

Acid  used. 

Free 

acid, 

grams. 

Weifiht 

sample, 
grams. 

Percent- 
age Of 
£incin 
heads. 

Zinc  (grams)  in— 

Leach  No. 

Per 
cent. 

Orams. 

Heads. 

Tails. 

Sola- 
Uon. 

1 

1 

H 

li 
16 
3 

10 
10 
10 
10 
10 

• 

4.86 
7.48 

10.00 
7.48 

10.00 

1.20 
8.81 
6.94 
2.91 
6.61 

25 
25 
25 
25 
25 

12.85 
12.85 
12.85 
12.85 
12.85 

8.21 
8.21 
3.21 
3.21 
3.21 

1.01 

1.00 

1.04 

.98 

.935 

X45 

2 

5L47 

3 

2.47 

4 

'  2L4S 

6 

2.48 

Leach  No. 

Time, 
hours. 

Acid  used. 

Zioc  (per  cent) 
recovered  by- 

Iron  (grams) 
in— 

Acid 
effi- 
ciency. 

• 

Plllp 

Per 
cent. 

Grams. 

Tails 
assay. 

Solu- 
tion. 

Heads. 

Solu- 
Uon. 

ratio. 

1 

11 

if 
16 
8 

10 
10 
10 
10 
10 

4.86 
7.48 

10.00 
7.48 

10.00 

68.6 
68.8 
67.6 
71.0 
70.8 

76.3 
76.9 
76.9 
77.6 
77.6 

5.24 
5.24 
5.24 
6.24 
5.24 

0.0304 
.0421 
.0374 
.0177 
.0608 

101.0 

101.5 

91.8 

82.1 

83.4 

2 

3 

4 

6 

The  conclusions  are  that  with  pure  blende  ground  to  pass  about 
60  mesh,  practically  all  of  the  zinc  can  be  roasted  to  a  form  soluble 
in  sulphuric  acid  in  two  to  five  hours  at  750°  C,  the  time  of  roasting 
depending  on  the  depth  of  ore  bed  used.  Where  zinc  and  iron  are 
intimately  combined,  as  in  a  marmatite  ore,  it  is  very  hard  to  get  all 
the  zinc  into  a  form  soluble  in  acid,  on  account  of  ferrites  of  zinc 
forming.  If  the  zinc  and  the  iron  in  a  mixed-sulphide  ore  are  present 
as  a  mechanical  mixture  of  pyrite  and  sphalerite,  less  ferrite  is  formed 
and  recoveries  of  at  least  90  per  cent  of  the  zinc  are  possible  after  a 
roast  of  the  kind  described.  Most  of  these  conclusions  are  not  new, 
but  there  have  not  been  much  data  on  record  to  support  them;  the 
results  presented  here  will  make  the  truth  more  evident. 
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TESTS  OF  PABTL7  OXIDIZED  OBES, 

As  regards  partly  oxidized  ores  containing  zinc  sulphide,  the  ques- 
tion is  whether  such  ores  can  be  roasted  in  order  to  oxidize  the 
sulphide  of  zinc,  while  the  oxidized  minerals  of  zinc  remain  unaffected, 
as  far  as  their  reaction  toward  sulphuric  acid  is  concerned.  A  promi- 
nent example  of  such  partly  oxidized  ore  is  that  in  the  Lower  Mammoth 
mine,  of  Mammoth,  Utah. 

ORE   FROM   LOWER  MAMMOTH  MINE. 

Two  samples  of  this  ore  were  treated  by  roasting.  Both  of  these 
were  almost  pure  white,  claylike  material,  much  decomposed  by 
weathering,  and  seemed  to  be  completely  oxidized,  as  far  as  the  eye 
could  distinguish.  Such  an  ore  would  be  almost  impossible  to  leach 
if  treated  direct,  on  account  of  filtering  difficulties,  but  would  not 
be  hard  to  leach  after  roasting,  as  the  heat  breaks  up  the  "colloidal" 
material  in  the  ore  so  that  it  can  be  filtered.  The  screen  analyses 
of  these  two  samples  are  given  in  Table  24.  The  results  of  the  tests 
are  shown  in  Tables  25  and  26. 

Table  24. — Results  of  screen  analysis  of  two  samples  of  partly  oxidized  ore  from  Lower 

Mammoth  mine.  Mammoth^  Utah,  after  roasting. 
Stee  of  mesh.  No.  1.     No.  3. 

On20-me8h percent..  15.8  .... 

On35-me8h do 30.4  25 

On65-me8b do 45.0  68.4 

OnlOO-meeh do 2.4  2.4 

Onl50-me6h do.-..  1.8  0.6 

On200-me8h do 1.6  1.6 

Through  200-meBh do l.S  14 

Table  25. — Results  of  roasting  and  leaching  partly  oxidized  zinc  ore,  Lower  Mammath 

No.  1. 
[Roasted  at  750*  C.  for  4  hours.] 


Leach 
No. 


Time, 
hours, 


1 

3 

a 

4 
6 


H 
1 


Acid  used. 


Per 

cent. 


10 
10 
10 
10 
10 


Grams. 


3.67 
6.00 

2a  00 
6.00 

2a  00 


Free 

acid, 

grams. 


aoo 

.68 
15.32 

.40 
15.24 


Weight 
of  sam- 
ple, 
grams. 


86 
36 
35 
85 
85 


Zioc 

(per 

oent)iD 

heads. 


7.50 
7.50 
7.60 
7.60 
7.60 


Zinc  (grams)  in— 


Heads. 


3.63 
2.63 
3.63 
3.63 
3.63 


Tails. 


1.06 

.M 

.86 

1.08 

1.10 


Solu- 
tion. 


1.40 
1.53 
1.59 
1.60 
1.60 


Zinc  (per 
cent)  recov- 
ered by- 


Tails 


6ao 

67.0 
67.0 
60.0 
6&0 


Solu- 
tion. 


53.1 
68.0 

6ao 
6ao 
6ao 


Iron  (grams) 
in— 


Heads. 


4.68 
4.68 
4.58 
4.58 
4.58 


Solu- 
tion. 


a007 
.038 
.035 
.023 
.035 


Loach 
No. 


Timei 
hours. 


1 
3 
3 

4 
6 


Acid 
effi- 
ciency. 


83.1 
61.3 
6L8 
63.6 
6a9 


Pulp 
ratio. 


a70 
L36 
6.00 
L36 
6.00 


Lead  fn  heads. 


Per 
cent. 


1.77 
1.77 
1.77 
1.77 
1.77 


Grams. 


a62 
.63 
.63 
.63 
.63 


Brine 
used  in 
leach- 
ing for 
lead, 
c.c. 


100 
100 
100 
100 
100 


Time  of 
leach- 
ing with 
brine, 
hours. 


3 
3 
3 
3 
3 


Lead  (grams)  in— 


Tails. 


a654 
.411 
.340 
.363 
.345 


Solution. 


a  10 
.136 
.123 
.123 

.147 


Load  (per  cent) 
recovered  by- 


Tails 
assay. 


lao 

33.7 
45.2 
4L7 
46.0 


Solu- 
tion. 


16.16 
3a  80 
19.90 
19.90 
33.70 
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Table  26. — Roasting  and  Uaehing  jwHy  oosidized  one  ore.  Lower  Mammoth  No.  t. 

[BoasUd  at  750'  a  for  4  hours.] 


leach 

Time, 

hours. 

Acid  used. 

Free  acid. 

Weight 

of  sample, 
grama. 

Zinc 

Zinc  (grams)  in — 

No. 

Pereent. 

Giama. 

grams. 

Heads. 

Tails. 

SotetiOQ. 

6 

7 

8 

9 

10 

li 

3 

3 

10 
10 
10 
10 
10 

5.20 
10.00 
20.00 
10.00 
20.00 

0.00 
3.64 

13.68 
3.44 

13.16 

35 
35 
35 
35 
35 

n.45 
n.45 
n.45 

11.45 
11.45 

4.00 
4.00 
4.00 
4.00 
4.00 

1.13 
1.16 
L15 
LU 
LOl 

2.75 
2L82 

2.93 
X92 
2.89 

Leach 
No. 

Time, 
hours. 

Zinc  (per  cent) 
recovered  by- 

Acid 
efficiency. 

Pulp 
ratio. 

Lead 
(percent) 

Tails  assay. 

Solution. 

Heads. 

Bolutioii. 

in  heads. 

6 

7 

8 

9 

10 

H 
1 

1 
3 
3 

72.0 
7L0 
71.3 
72.3 
74.7 

6&8 
70.5 
73.2 
7X0 
7X3 

L77 
L77 
L77 
L77 
1.77 

0.009 
.023 
.033 
.QM 
.030 

79.8 
«7.0 
69.0 
67.8 
63.8 

L3 
X5 

5.0 
2l5 
5.0 

aoo 

.00 
.00 
.00 
.00 

With  neither  sample  did  it  seem  possible  to  roast  the  ore  to  advan- 
tage under  the  conditions  that  usually  give  good  results  in  the  treat- 
ment of  zinc  sulphide.  The  oxidized  zinc  minerals  were  so  intimately 
associated  with  the  oxidized  iron  minerals  that  the  formation  of 
ferrites  in  roasting  was  suspected;  therefore  a  series  of  roasts  were 
made  to  determine  whether  more  careful  roasting  would  take  care  of 
this  difficulty.  A  quantity  of  ore  was  placed  on  a  roasting  dish  and 
put  into  a  cold  muffle  furnace.  The  temperature  was  gradually 
raised  and  the  ore  was  rabbled  intermittently.  Grab  samples  of  the 
calcines  were  taken  at  intervals,  and  these  were  treated  with  dilute 
sulphuric  acid  to  determine  the  total  amount  of  soluble  zinc. 

The  effect  of  temperature  on  the  solubility  of  the  zinc  is  shown  by 
the  upper  curve  in  figure  8,  where  the  gradual  temperature  rise  is 
plotted  on  one  axis  and  the  percentages  of  soluble  zinc,  as  determined 
by  the  analysis  of  the  solutions  from  the  grab  samples,  on  the  other. 
At  the  same  time,  observations  were  made  of  the  amoimts  of  soluble 
iron.  The  sharp  peak  in  the  solubility  curve  for  zinc  illustrates  how 
extremely  sensitive  this  ore  is  to  heat  treatment.  Heating  the  ore 
much  above  700°  C.  seemed  to  cause  the  formation  of  insoluble  zinc 
compounds,  probably  ferrites.  The  great  amoxmt  of  work,  by  other 
investigators,  on  the  formation  of  zinc  ferrites  points  to  their  being 
the  cause  of  this  decrease  in  solubility.  All  past  experience  has  shown 
that  in  roasting  such  orCi  zinc  ferrites  commence  to  form  at  a  tem- 
perature slightly  above  700°  C.  The  increase  in  solubility  up  to  that 
point  is  doubtless  due  to  the  desulphurization  of  the  zinc  sulphide 
present.  This  ore  roasts  rather  slowly  until  a  temperature  above 
600°  C.  is  reached,  and  then,  later,  slight  overheating  above  700°  C. 
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may  spoil  the  calcine  for  leaching  purposes.  This  is  the  most 
prominent  instance  of  the  formation  of  f errites  with  which  the  writers 
are  familiar. 

The  solubility  curve  for  the  iron  is  even  more  interesting.     As  is 
weU  known,  pyrite  becomes  more  soluble  in  acids  on  heating  to  a 
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FioxTBE  8.— Corves  showing  effects  of  roasting  on  solubility  of  zinc  and  iron 
in  semiozldized  sine  ore  I^om  Lower  Mammoth  mine. 

temperature  hot  enough  to  drive  off  some  of  the  stdphur.  Thus  the 
rising  solubility  of  the  iron  may  be  due  either  to  this  heating  or  to 
the  partial  desulphurization  of  thq  pyrite.  However,  the  gieater 
proportion  of  the  iron  in  this  ore  is  present  as  oxidized  minerals,  and 
these  are  rendered  less  soluble  in  dilute  acids  by  heating.  The 
downward  trend  of  the  curve  at  temperatures  above  400®  C.  is 
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doubtless  due  to  this  cause.  The  sharp  up-turn  beyond  850**  C.  was 
unexpected  and  the  writers  have  been  unable  to  explain  it.  How- 
ever, as  850°  C.  is  much  above  the  permissible  temperature  for  roasting 
zinc  calcine,  this  latter  part  of  the  iron  curve  is  of  little  practical 
importance. 

MARMATTTE  ORE  FROM   WASA   MINE. 

Further  tests  were  made  with  the  marmatite  ore  from  the  Wasa 
mine,  near  Hall,  Mont.,  by  roasting  and  leaching  with  sulphuric  acid. 
This  ore,  referred  to  in  previous  pages,  contained  a  small  amount  of 
"rosin-jack,"  but  the  greater  proportion  of  the  zinc  sulphide  was 
black.  The  black  zinc  sulphide  appeared  homogeneous  to  the  eye, 
even  under  the  microscope,  yet  the  purest  crystal  that  could  be 
selected  contained  55  per  cent  Zn  and  11.5  per  cent  Fe.  Most  of  the 
crystals  contained  more  than  16  per  cent  Fe.  An  analysis  of  this  ore 
was  as  follows:  Zinc,  12.9  per  cent;  iron,  20.72  per  cent — ^insoluble, 
38.10  per  cent;  lime  (CaO),  1  per  cent;  copper,  0.20  per  cent;  and  lead, 
0.30  per  cent.    Another  analysis  has  been  given  in  Table  19  (p.  69). 

The  excess  of  iron  is  present  chiefly  as  pyrite,  with  a  small  amoimt 
of  pyrrhotite.  As  marmatite  is  supposed  to  be  a  solid  solution  of 
iron  sulphide  in  zinc  sulphide,  the  assumption  may  be  made  that 
roasting  the  zinc  sulphide  to  the  oxide  without  some  zitic  ferrite 
being  formed  along  with  the  iron  oxide  would  be  a  difficult  matter. 

The  results  of  a  series  of  roasts  and  leaches  made  in  the  laboratory 
at  the  Salt  Lake  City  station  by  Walter  Neal,  representing  McKeever 
Bros.,  under  a  cooperative  agreement  with  the  Bureau  of  Mines,  are 
given  in  Table  27.  For  some  reason  the  analysis  of  the  solution  for 
zinc  gave  unusually  high  titrations;  hence,  the  recoveries,  as  calcu- 
lated from  the  weight  of  zinc  in  the  solutions,  are  disregarded.  The 
tailing  assays  show  that  not  more  than  about»75  per  cent  of  the  zinc 
could  be  recovered.  However,  this  recovery  was  higher  than  was 
expected  from  a  marmatite  ore.  On  the  assimiption  that  the  formula 
of  zinc  ferrite  is  ZnFea04,  every  imit  of  iron  is  combined  with  0.58 
unit  of  zinc.  The  flotation  tests  of  this  ore  show  that  the  purest 
zinc  concentrate  that  could  be  made  by  roasting  the  pyrite  to  a  non- 
flotative  form  contained  49  per  cent  Zn  and  20  per  cent  Fe.  Hence 
there  is  enough  iron  in  the  average  marmatite  particles  to  account 
for  23  per  cent  of  the  total  zinc  in  the  ore,  provided  that  all  of  the 
marmatite  iron  is  converted  into  ferrite  iron  by  roasting,  and  that 
the  ferrite  of  zinc  is  insoluble  in  the  dilute  acid  solutions  used. 

Tlie  highest  recovery  of  zinc,  under  the  best  conditions  of  roasting 

and  leaching,  was  74.7  per  cent,  or  25,3  per  cent  of  the  total  zinc 

was  insoluble.    This  latter  figure  compares  closely  with  the  23  per 

cent  calculated  as  ferrite.    Consequently,  the  writers  feel  justified  in 

tating  that  when  marmatite  ore  is  roasted,  most  of  the  iron  present 
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in  the  marmatite  tends  to  unite  with  the  zinc  to  form  ferrite  of  zinc. 
Fortunately  in  most  blendes  such  high  percentages  of  '^ combined'' 
iron  are  rare.  Marmatite,  being  a  soUd  solution  of  iron  sulphide  in 
zinc  sulphide,  has  variable  proportions  of  iron,  but  even  the  purest 
pieces  rarely  contain  as  much  as  10  per  cent.  However,  as  all  *^  black 
blendes"  will  tend  to  form  ferrites  of  iron  during  roasting,  the  advisa- 
bility of  trying  ,to  leach  such  ores  is  doubtful.  The  only  argument 
in  favor  of  leaching  ores  of  this  type  would  be  that  the  maximum 
zinc  loss  would  not,  as  a  rule,  be  more  than  about  10  per  cent,  although 
it  might  be  higher  for  an  ore,  hke  the  Wasa,  having  an  unusually 
high  content  of  combined  iron, 

HAGirETIC  BOASTIira. 

By  magnetic  roasting  of  zinc  ores  is  meant  the  process  of  heating 
zinc-iron  sulphide  mixtures  to  a  sufficient  degree  to  partly  break  up 
the  pyrite  into  pyrrhotite  and  elemental  sulphur.  The  lower  sul- 
phides of  iron  are  magnetic,  and  sphalerite  is  nonmagnetic,  hence 
magnetic  roasting  puts  the  ore  into  such  a  condition  that  it  is  capable 
of  magnetic  separation,  provided  the  particles  of  magnetic  iron  sul- 
phide and  nonmagnetic  zinc  sulphide  are  mechanically  separable. 
The  data  on  some  laboratory  experiments  along  this  line  made  at 
the  Salt  Lake  City  station  are  given  under  "Dry  concentration  pro- 
cesses" (pp.  45  to  63). 

HYDROMETALLURGY  OF  ZINC  SULPHIDE  ORES.« 

Hydrometallurgical  treatment  of  zinc  sulphide  ores  has  been  pro- 
posed in  many  different  forms  during  the  past  half  century,  but  has 
in  general  failed  to  be  adopted,  on  account  of  the  peculiar  chemical 
properties  of  zinc  and  the  low  value  of  the  products  that  can  be  made. 
Zinc  requires  more  chemical  or  electrical  energy,  in  comparison  with 
its  value  after  recovery,  than  almost  any  other  major  metal  on  the 
market;  and  the  high  consumption  of  chemicals  or  of  electric  energy 
involved  in  its  recovery  has  usually  made  hydrometallurgical  pro- 
cesses of  questionable  value. 

Zinc  sulphide  resists  most  ordinary  solvents,  not  being  dissolved 
with  sufficient  rapidity  by  any  of  the  commercial  acids,  hence  re- 
quires roasting  before  the  majority  of  the  proposed  hydrometallur- 
gical processes  can  be  applied.  Sulphide  of  zinc  is  one  of  the  most 
refractory  sulphides  to  roast,  as  is  mentioned  in  the  part  of  this 
bulletin  on  roasting  (p.  53),  and  on  that  account  the  cost  of  zinc  roast- 
ing is  higher  than  that  for  any  other  major  metal.  The  lowest  reported 
costs  of  oxide  roasting  in  zinc  smelters  are  SI. 50  per  ton  of  green  ore, 

o  Exp«rimenten:  O.  L.  Lftrsoo,  A.  E.  Oftrtaide,  W.  J.  Woolf,  B.  W.  Johnson,  C.  E.  Siau,  M.  J.  Udy,  O, 
S.  Young,  ▲.  J.  lioChryvtal,  and  1.  F.  CuUta. 
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and  in  the  older  smelters  $4  was  not  an  uncommon  cost.  Chlorine 
gas  is  the  only  commercial  medium  that  wiQ  attack  zinc  sulphide  in 
the  cold,  and  on  this  fact  are  based  many  of  the  ''chloride"  proc- 
esses later  described,  their  principal  value  being  that  the  zinc  sul- 
phide need  not  be  roasted. 

SULPHATE  PBOCESSES. 

In  order  to  get  the  zinc  of  the  ore  into  solution  as  zinc  sulphate 
a  number  of  alternative  processes  are  possible.  The  ore  may  be 
given  a  sulphating  roast,  or  it  may  be  given  an  oxidizing  roast  and 
then  leached  with  sulphuric  acid,  or  it  can  be  mixed  with  strong 
sulphuric  acid,  without  previous  roasting,  and  heated  in  a  reverber- 
atory  roaster  until  SO,  fumes  are  evolved.  This  latter  method  has 
been  tested  in  the  laboratories  at  Anaconda  and  Great  Falls,  Mont. 

A  sulphating  roast  is  usually  rather  difficult  of  accomplishment 
and  the  cost  is  high.  It  is  reported  that  C.  A.  Hansen  at  Bully 
Hill,  Cal.,  was  able  to  sulphate  as  much  as  90  per  cent  of  the  zinc  in 
the  ore  from  the  Bully  Hill  mine.  At  Anaconda  not  more  than 
50  per  cent  is  sulphated,  and  with  many  ores  it  is  not  possible  to 
sulphate  even  25  per  cent  of  the  zinc  dining  roasting.  Each  ore 
seems  to  act  differently  and  the  free  milling  "rosin  jack''  ores  do 
not  sulphate  as  well  as  do  the  "black  jack"  ores.  On  the  other  hand, 
it  is  just  as  hard  to  roast  the  sulphide  completely  to  zinc  oxide, 
leaving  no  zinc  sulphate  in  the  ore,  even  by  heating  as  highly  as 
1000^  C.  When  a  sulphate  solution  is  to  be  made,  the  most  desirable 
roast  may  be  that  which  will  either  drive  off  all  the  sulphur  or  leave 
it  as  zinc  sulphate,  unless  the  consumption  of  sulphuric  acid  in  a 
process  is  so  large  that  the  maximum  sulphating  effect  is  desired 
more  than  the  formation  of  the  maximum  amount  of  soluble  zinc. 

Roasting  of  zinc  sulphide  ores,  followed  by  leaching  with  solutions 
of  sulphuric  acid,  has  already  been  considered  (pp.  53  to  79).  In 
general  the  roasting  should  be  so  conducted  as  to  convert  all  the 
zinc  sulphide  to  soluble  forms,  yet  the  ore  must  not  be  heated  above 
700^  C.  on  account  of  the  tendency  for  the  oxides  of  iron  and  of  zinc 
to  unite  as  ferrites  of  zinc.  This  makes  the  roasting  a  slow  process; 
in  spite  of  all  precautions  it  is  impossible  with  some  ores  to  obtain 
good  recoveries  of  the  zinc  by  leaching.  Thus  the  leaching  plants  at 
Anaconda,  Bully  Hill,  and  others  have  often  been  unable  to  get 
recoveries  higher  than  60  to  70  per  cent.  For  a  time  the  low 
recoveries  with  the  sulphuric  acid  leaching  process  seemed  to  threaten 
its  Ufe,  but  supplementation  of  the  process  by  igneous  concentration 
of  the  zinc  in  the  residue,  as  at  Anaconda,  seems  to  give  it  a  better 
chance  of  survival. 

If  the  gangue  of  the  ore  contains  any  acid-consuming  substances, 
such  as  calcium  carbonate  or  calcium  oxide,  or  magnesia  compouodfl 
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or  almninmn  compounds  soluble  in  sulphuric  acid,  the  efficiency  of 
the  acid  for  dissolving  zinc  falls  off.  As  enough  acid  must  be  used 
to  supply  the  requirements  of  these  compounds  in  addition  to  that  of 
the  zinc  minerals,  it  does  not  take  much  of  these  compounds  to  make 
the  consumption  of  acid  excessive.  Even  with  100  per  cent  efficiency 
of  the  acid,  1,5  pounds  are  required  to  dissolve  one  pound  of  zinc- 
Therefore,  if  a  zinc  sulphide  ore  does  not  have  a  large  content  of 
acid-soluble  gangue  minerals,  and  roasting  will  leave  no  unoxidized 
blende,  insoluble  ferrites,  basic  sulphates,  or  other  compounds,  in 
the  calcine,  roasting  and  sulphuric  acid  leaching  to  recover  the  zinc 
is  permissible.  If  the  ore  contains  any  considerable  proportion  of 
acid-consuming  minerals  any  hydrometallurgical  process  of  this  kind 
will  have  to  be  preceded  by  mechanical  concentration  of  the  ore  in 
order  to  remove  such  impurities,  together  with  some  of  the  iron 
sulphides  that  are  not  desirable. 

SULPHITE  PBOGESSES. 

A  number  of  processes  have  been  proposed  involvmg  the  leaching 
of  zinc  calcines  with  a  solution  of  sulphiu*ous  acid  to  form  zinc  bisul- 
phite, which  is  sufficiently  soluble  in  water  to  make  such  a  method  a 
commercial  possibility.  The  original  methods  involved  precipitation 
of  the  zinc  as  monosulphite  of  zinc,  which  is  insoluble,  by  warming 
the  solution  of  bisulphite.  In  heating  the  solution  some  sulphur 
dioxide  would  be  liberated,  and  this  could  be  caught  and  used  again 
with  that  obtained  from  thermal  decomposition  of  the  zinc  mono- 
sulphite  in  a  furnace  heated  to  a  sufficiently  high  temperatiu*e. 

DIFFICULTIES  OF  APPLYINQ  PROCESS. 

In  practice  some  difficulties  in  the  application  of  this  process 
were  met.  In  roasting  zinc  sulphide  ores  it  is  possible  to  obtain 
roaster  gases  containing  about  5  per  cent  SO,.  The  strength  of  the 
solution  that  can  be  prepared  from  this  gas  varies  from  0.5  to  1.6 
per  cent  SO,.  On  the  assumption  that  the  solution  will  average 
1  per  cent  SO,  and  that  the  ore  to  be  treated  contains  30  per  cent 
zinc,  60  tons  of  this  1  per  cent  solution  will  be  required  to  leach  the 
zinc  completely  from  1  ton  of  ore.  This  solution  ratio  is  too  large 
for  economical  work  in  any  hydrometallurgical  process.  Conse- 
quently the  roaster  gas  would  have  to  be  applied  directly  to  a  pulp 
of  the  ore,  rather  than  being  dissolved  by  water  in  an  absorption 
tower.  Pulp  can  not  be  treated  in  a  tower  as  it  would  soon  choke 
the -openings,  hence  some  type  of  mechanical  agitator  for  applying 
the  gas  to  the  pulp  woxdd  be  necessary.  As  far  as  the  authors  can 
learn,  no  such  machine  has  ever  been  tried.  The  solubility  of  zinc 
bisulphite  is  such  that  about  6  per  cent  zinc  can  be  easily  obtained  in 

861 98'— Ifr— Bull.  168 6 
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solution,  hence  a  30  per  cent  ore  would  require  5  tons  of  solution  per 
ion  of  ore,  a  volume  which  is  very  easily  handled  in  the  machines  now 
available.  Possibly  an  apparatus  ccmiprising  a  rotating  drum,  in 
which  the  gases  and  the  pulp  would  pass  in  countercurrent,  would  be 
acceptable  for  this  work,  the  zinc  oxide  of  the  ore  combining  with 
the  dissolved  sidphur  dioxide  fairly  rapidly,  so  that  more  sulphur 
dioxide  could  dissolve  in  the  water  until  all  the  zinc  oxide  had  been 
converted  to  monosulphite  of  zinc,  after  which  the  addition  of  sulphur 
dioxide  would  form  bisulphite  of  zinc  until  all  the  zing  had  gone  into 
solution. 

In  order  to  design  such  a  machine  properly^  the  rate  of  reaction 
of  sulphur  dioxide  solutions  of  various  strengths  on  roasted  zinc 
sulphide  ore,  and  the  rate  of  absorption  of  sulphur  dioxide  gas  by 
water  in  a  tumbling  barrel  of  this  type  would  have  to  be  determined. 
It  is  known  that  the  rate  of  absorption  of  gases  in  liquids,  when  die 
liquids  are  showered  down  through  the  gases,  is  extremely  rapid 
and  depends  on  the  eflfectiv^eness  with  which  the  water  is  sprayed. 
Nothing  was  known  as  to  the  rate  of  reaction  between  the  sulphur- 
ous acid  solutions  and  the  ordinary  zinc  oxide  calcine. 

EXPEBIHBNTS. 

Therefore,  a  series  of  tests  were  made  on  such  a  calcine  with  dif- 
ferent strengths  of  sulphur  dioxide  solution  for  different  time  inter- 
vals, in  order  to  obtain  an  idea  of  the  reaction  velocity.  A  sample  of 
the  zinc  sulphide  concentrate  from  the  Daly-Judge  concentrating 
mill,  at  Park  City,  Utah,  was  roasted  and  the  calcine  was  treated 
with  measured  quantities  of  sulphurous  acid  solutions  of  known 
strength.  Treatment  was  in  2.5- liter  bottles  placed  on  their  sides 
on  a  rolling  agitator  to  give  much  the  same  motion  as  that  given  to 
pulp  in  a  tube  mill  or  similar  rotating  barrel  arrangement.  The 
sample  analyzed  46.6  per  cent  Zn,  7.4  per  cent  Fe,  1.86  per  cent  Pb, 
1.54  per  cent  Cu,  and  30.44  per  cent  S.  The  calcine  contained  49.6 
per  cent  Zn.    The  screen  analysis  of  the  calcine  was  as  follows: 

Screen  analysis  of  calcine.  p^  ^^^^ 

On20meah 0.05 

On  35  mesh 17.0 

On  65  mesh 47.05 

OnlOOmedi • 17.80 

On  150  mesh 6.85 

On  200  mesh 6.05 

Through  200  mesh 5.25 

In  the  calcine  10.8  per  cent  of  the  zinc  was  present  as  zinc  sulphate. 
The  results  of  the  tests  are  plotted  in  figure  9.  In  each  test  the 
theoretical  amount  of  sulphur  dioxide  needed  to  render  all  the  zinc 
soluble  was  used«    Consequently,  as  10.8  per  cent  of  the  sine  waa 
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aa^ 


present  in  the  calcine  as  sulphate,  about  10  per  cent  excess  SO3  over 
that  necessary  to  leach  the  remainder  of  the  2inc  was  present.  From 
the  curves  it  can  be  seen  that  even  with  0.2  per  cent  solutions  of 
SOj,  all  the  soluble  zinc  was  dissolved  in  about  30  minutes.  Only 
96  per  cent  of  the  total  zinc  was  soluble^  the  other  4  per  cent  pre- 
sumably being  present  as  unaltered  sulphide  or  as  ferrite.    In  a 
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yiOVKB  0.— Ounr«B  showing  effect  of  strength  of  sulphorous  acid  on  velocity  of  solution  of 
zinc  oxide.   Figures  neor  each  curve  indicates  percentage  of  SOs  in  s<dntion  nsed. 

rotating  barrel,  with  continuous  feed  and  discharge  through  the 
trunnions,  and  countercurrent  application  of  the  roaster  gases,  the 
tendency  would  be  for  the  strongest  solution  of  sulphur  dioxide  to 
form  at  the  point  where  the  pulp  is  discharged,  the  pulp  traversing 
the  barrel  in  solution  of  gradually  increasing  strength.  With  a 
1  per  cent  solution,  91.5  per  cent  of  the  zinc  is  dissolved  in  10  minutes 
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and  all  of  the  soluble  zinc  in  15  minutes.  Hence  it  is  probable  that 
the  pulp  would  not  need  to  remain  in  the  tumbling  barrel  more  than 
16  or  20  minutes,  provided  that  enough  roaster  gas  could  be  intro- 
duced into  the  barrel  in  that  time. 

These  figures  are  sufficiently  encouraging  to  warrant  the  testing 
of  such  a  solution  barrel  on  a  semicommercial  scale  by  those  who  are 
interested  in  the  possibility  of  this  method. 

As  is  shown  in  a  subsequent  part  of  this  report  (p.  100)  dealing  with 
precipitation  of  solutions,  recovery  of  the  zinc  from  the  bisulphite  solu- 
tion by  boiling  is  difficult  because  zinc  bisulphite  readily  oxidizes  to 
zinc  sulphate.  If  it  is  expected  to  recover  strong  sulphur  dioxide 
vapor  from  this  boiling,  to  be  used  in  making  stronger  solutions  for 
leaching,  trouble  will  be  experienced  and  the  process  will  not  be 
satisfactory.  If  the  ore  contains  a  large  excess  of  sulphur  to  be 
roasted  off  and  only  the  roaster  gases  are  used  for  'leaching,  there 
should  be  no  difficulty  in  providing  enough  sulphur  to  carry  on  the 
work.  A  further  discussion  of  this  subject  will  be  found  under  the 
leaching  of  oxidized  zinc  ores  (pp.  130  and  131). 

In  testing  several  sulphide  ores  by  this  process  it  was  found  that 
solutions  of  sulphurous  acid  gave  the  same  recoveries  as  did  the 
sulphuric-acid  solutions,  and  that  the  same  chemical  reactions  took 
place.  If  the  solutions  are  allowed  to  become  neutral  in  order  that 
iron  and  other  impurities  may  be  precipitated  by  hydrolysis  in  the 
presence  of  limestone,  the  insoluble  zinc  monosulphite  tends  to  form 
so  that  the  ultimate  recovery  of  zinc  suffers.  Hence  it  may  be  said 
that  purification  of  sulphite  solutions  of  zinc  before  filtering,  is  still 
an  unsolved  problem,  and  that  all  the  impurities  in  the  solution  must 
be  allowed  to  remain  until  after  the  residue  has  been  filtered  off. 

lEACHINO  AGENTS. 

HYDBOCHLOBIC  ACID. 

The  use  of  hydrochloric  acid  as  a  solvent  for  the  leaching  of  zinc 
sulphide  ores  might  be  considered  in  localities  having  industrial 
plants  where  the  acid  is  a  useless  by-product.  The  possibility  of 
making  Le  Blanc  soda  at  Great  Salt  Lake  might  be  considered  if 
hydrochloric  acid  could  be  used  for  that  purpose.  The  advantage  of 
using  Le  Blanc  soda  would  be  in  the  preparation  of  a  solution  of 
zinc  chloride  from  which  zinc  hydrate  could  be  precipitated  by  the 
use  of  lime,  thus  permitting  the  preparation  of  a  zinc-oxide  product 
suitable  for  some  purposes,  by  utilizing  only  cheap  chemicals.  The 
use  of  hydrochloric  acid  on  zinc  carbonate  ores  was  tested  at  the 
Salt  Lake  City  station  with  some  success.  (See  section  on  * 'Oxi- 
dized Ores,"  pp.  121  to  129.)  Chloridizing  roasting  with  salt,  followed 
by  water  leaching,  failed  to  give  satisfactory  recovery  of  the  zinc. 
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HYDBO-FLUOSILICIC  ACID. 

Hydro-fluosilicic  acid  wa3  reconuxiended  as  being  a  desirable 
solvent  for  roasted  zinc  ores,  on  account  of  the  ease  of  precipitating 
zinc  from  such  solutions  by  electrolytic  methods.  However,  this 
acid  proved  to  be  no  better  solvent  of  the  zinc  oxide,  resulting  from 
roasting  the  zinc  sulphide,  than  was  sulphuric  acid  or  sulphurous 
acid,  and  its  use  had  no  particular  advantage^  as  far  as  leaching  is 
concerned.  Hence,  experiments  with  this  reagent  were  discon- 
tinued. Reference  to  the  tests  with  carbonate  ore^  of  zinc  (p.  13 1)  will 
reveal  a  good  reason  for  not  carrying  this  work  any  farther;  also, 
the  cost  of  preparing  the  acid  is  another  good  argument  against 
its  use,  because  large  amounts  are  consumed  by  gangue  minerals  in 
the  ores.  The  acid  is  used  in  lead  refineries,  but  the  losses  in  such 
work  are  much  smaller  than  those  which  would  be  encountered  in 
leaching  roasted  zinc  ores. 

CAUSTIC  SODA. 

Caustic  soda  has  been  proposed  as  a  solvent  for  zinc  oxide  in  many 
different  processes.  In  these,  soluble  zincates  of  sodium  are  formed, 
and  the  recovery  of  the  zinc  is  usually  by  electrolysis.  Caustic  soda 
solutions  might  be  used  in  the  presence  of  large  amounts  of  acid- 
consuming  gangue,  thus  avoiding  acid  losses,  but  the  solutions  used 
must  be  so  strong  (20  to  30  per  cent  NaOH)  that  serious  losses  of 
caustic  soda  in  the  tailing  will  result  unless  the  tailing  is  carefully 
washed  and  the  dilute  wash  solution  evaporated.  As  evaporation  is 
a  relatively  expensive  process,  this  procedure  would  not  be  advisable. 
Moreover,  the  zinc  sulphate  always  formed  in  roasting  will  tend  to 
form  sodium  sulphate,  using  up  further  caustic  soda,  and  any  other 
sulphates  present,  such  as  iron  or  aluminum  sulphates  will  cause 
still  further  consumption  of  the  solutions.  The  sodium  sulphate 
would  have  to  be  removed  periodically  and  for  this  purpose  lime  is  not 
eflicient.  Barium  hydrate  would  be  a  good  reagent  for  this  piurpose 
but  would  be  hable  to  prove  too  expensive. 

AMMOmACAL  SOLUTIONS. 

Ammoniacal  solutions  for  leaching  roasted  zinc  sulphide  ores  offer 
a  more  promising  method.  Mixtures  of  ammonia  and  ammonium 
carbonate  are  advocated  by  Bretherton,"  whose  papers  have  been 
before  the  public  for  some  years  past.  Such  solutions  dissolve  zinc 
oxide,  zinc  sulphate,  and  zinc  carbonate,  but  do  not  attack  zinc 
sulphide,  zinc  ferrite,  or  zinc  silicate.  Consequently,  in  the  treat- 
ment of  roasted  sulphide  ores,  only  the  same  compounds  as  those 
dissolved  by  sulphuric  acid  are  soluble  in  these  solutions. 

a  Bretherton,  8.  E.,  Tho  treatment  of  complex  ores  by  the  ammonia-carbon  dioxide  process*  Trans. 
Am.  Inst.  lUn.  Eng.,  vol.  49,  August,  1014,  p.  8(0. 
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As  fax  as  can  be  learned,  the  leaching  seems  to  offer  no  difficulty, 
the  principal  problem  being  the  precipitation  of  the  zinc  from  solution 
and  the  recovery  of  the  ammonia.  To  date  the  proper  adaptation 
of  ammonia-handling  machinery  to  this  work  has  not  taken  place. 

LEACHIITO  IBOV  FROH  Zllf C-IBOIT  SULPHIDES. 

On  account  of  the  difficulty  of  roasting  zinc  sulphide  completely, 
the  testing  of  a  proposed  process  for  separating  mixtures  of  zinc  and 
iron  sulphides  by  removing  the  iron,  in  place  of  leaching  the  zinc, 
was  deemed  worth  while.  On  heating  pyrite  in  a  reducing  atmos- 
phere pyrrhotite  or  iron  matte  is  formed,  depending  on  the  temper- 
ture,  and  both  of  these  react  quickly  with  sulphuric  acid,  forming 
ferrous  sulphate  and  hydrogen  sulphide.  Pyrrhotite  is  about  25 
times  as  easily  dissolved  as  sphalerite  and  75  times  more  easily  than 
pyrite.  Hence,  the  proposed  process  involves  heating  a  mixture  of 
zinc  and  iron  sulphides,  which  is  a  common  type  of  complex  sul- 
phide ores,  in  a  reducing  atmosphere  in  order  to  render  the  iron  sul- 
phide minerals  easily  soluble  in  sulphuric  acid.  Such  a  process  would 
be  useful  at  smelters  needing  an  outlet  for  the  disposal  of  sulphuric 
acid  and  sulphur.  The  pyrite  loses  its  ''feeble  atom"  of  sulphur 
during  such  treatment,  the  sulphur  condensing  from  the  reducing  gas 
after  cooling.  The  hydrogen  sulphide  from  the  reaction  of  sulphiirio 
acid  on  the  calcine  can  be  easily  absorbed  by  lime,  making  calcium 
sulphide,  a  valuable  product,  or  any  similar  sulphide  can  be  made. 
Possibly  a  market  could  also  be  found  for  the  iron  sulphate  formed. 

The  conditions  requisite  for  this  process  were  determined  with  a 
combustion  tube.  It  was  foimd  that  temperatures  between  600°  and 
950°  C.  were  the  most  satisfactory;  at  temperatures  outside  of  this 
range  the  recoveries  of  iron  were  lower.  Coal  gas  from  the  city  mains, 
carbon  monoxide  gas,  and  hydrogen  sulphide  gas  were  all  found  to  be 
suitable  reducing  atmospheres.  With  carbon  monoxide  and  coal  gas, 
some  of  the  sulphur  distilled  from  the  pyrite  gave  an  ill-smelling  com- 
pound, COS,  occasionally  masked  by  the  smell  of  other  organic  com- 
pounds of  sulphur.  The  presence  of  both  steam  and  air  was  found 
to  be  fatal  to  the  process,  for  these  seemingly  oxidized  the  iron  to 
such  a  condition  that  it  was  superficially  resistant  to  the  dilute  sul- 
phuric acid.  However,  by  preliminary  heating  in  air,  most  of  the 
**feeble  atom"  of  sulphur  could  be  removed;  then  a  short  subsequent 
treatment  in  a  dry  reducing  atmosphere  would  convert  the  residue 
to  a  condition  such  that  it  would  react  with  the  dilute  acid. 

DESCBIPTION  AND  BESXTLTS  OF  TESTS. 

A  sample  of  the  ore  from  the  Greenwood  mine,  at  Pioche,  Nev., 
which  is  so  intimately  crystallized  that  no  method  of  mechanical  sep* 
aration  has  proved  of  much  benefit,  was  tested  by  this  process.  The 
average  results  were  as  follows: 


EYDB0MBTAIiI.TJBa7  OF  ZIKC  SULPHIDE  OSES. 


87 


ResulU  of  teit  of  ore  from  Greenwood  mine. 


Ziiic(Zn) Percent. 

Iron(F«) do... 

Lead<Pb) do... 


Original. 


21.35 

16.13 

0.54 


Residue. 


24.01 

3.38 

12.12 


Recov- 
ered in 
solution. 


11.0 
84.1 
4.5(?) 


The  original  ore  contained  too  little  combined  zinc  and  lead  to  be 
shipped  profitably  to  a  pigment  plant  making  leaded  zinc  oxide,  but 
the  residue  contained  enough  to  be  acceptable. 

Middling  from  the  wet-concentrating  mill  at  the  Midvale  smelter 

of  the  United  States  Smelting  Co.  was  likewise  tested  with  favorable 

results: 

Results  of  test  of  ore  front  Midvale  smelter. 


Zinc percent.. 

Iron do.... 


Original. 


28.25 

24.87 


Residne. 


41.1 
10.7 


ReooTered 

in  solution. 


2.6 

71.  a 


Middling  from  the  Mary  Murphy  mine  in  Colorado,  the  Big  Four 
mill  near  Park  City,  Utah,  and  similar  materials  gave  like  results. 

In  all  the  ores  containing  only  mixtures  of  pjrrite  and  sphalerite 
no  difficulty  was  met  in  removing  the  iron.  However,  in  ores  con- 
taining ''black  jack"  or  marmetite,  the  iron  is  known  to  be  in  solid 
solution  in  the  zinc  sulphide,  and  hence  is  not  attacked  by  the  dilute 
sulphuric  acid.  Examples  of  the  average  figures  on  two  such  mate- 
rials follows,  the  first  being  middling  from  the  Comet  mine  at  Basin, 
Mont.,  and  the  other  being  ore  from  the  Cleveland  mine  at  Silver 
City,  N.  Mex. 

Results  of  tests  of  materials  from  Comet  mill  and  Cleveland  mine. 


Original. 

Residue. 

Recovered 
in  solution. 

Middling  from  Comet  mill: 

Zinc 

Tnm. ., ..........^j 

percent.. 

>... ....... ........ .do.. .. 

21.1 
25.12 

7.72 

23.5 
30.2 

25.0 

18.0 

0.5 

43.5 
16.6 

13.0 
54.7 

Lead 

do 

percent.. 

.  ........B.*.*.....  .do ...a 

Ore  from  Cleveland  mine: 

Zinc 

Iron 

23.1 

77.15 

Usually  zinc  ore-buying  contracts  are  so  worded  that  some  of  the 
original  materials  mentioned  can  not  be  sold  to  any  advantage  by  the 
average  shipper  in  the  intermountain  region.  Some  of  the  products 
of  this  process,  however,  are  well  within  the  range  of  profitable 
work,  and  in  spite  of  their  loss  in  weight  from  loss  of  sulphur  and  iron, 
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are  worth  more,  in  actual  gross  value,  than  the  original  material. 
With  spelter  at  5  cents  per  pound  and  the  usual  contracts,  the  in- 
crease in  value  of  the  material  plus  the  saving  from  decreased  cost 
of  freight  to  the  smelter  of  a  zinc-iron  sulphide  mixture  containing 
about  30  per  cent  Zn,  amounts  to  between  $10  and  $14  per  ton  of 
original  material. 

The  only  important  difficulty  with  the  process  is  that  it  requires 
a  dry  reducing  atmosphere  at  a  temperature  of  600®  to  900**  C,  con- 
ditions which  are  difficult  of  technical  attainment.  Probably  dry 
carbon  monoxide  gas  could  be  provided  at  a  reasonable  figure  by 
using  dry  coke  in  a  gas  producer,  but  to  design  a  retort  or  similar 
furnace  for  utilizing  this  gas  would  be  difficult.  Any  chance  oxidation 
due  to  fine  gases  or  to  water  vapor  from  combustion  gases  must  be 
avoided.  Probably  after  cooling  and  condensing  the  sulphiur  from 
the  reducing  gases  issuing  from  the  furnaces,  the  gases  could  be  either 
used  again  or  burned  under  the  furnaces.  On  account  of  the  diffi- 
culty in  designing  a  satisfactory  furnace  of  simple  design  that  would 
meet  all  the  conditions,  the  writers  have  temporarily  abandoned 
further  investigation  of  this  process. 

PRECIPITATION  OF  ZINC  SOLUTIONS.' 

The  successful  precipitation  of  solutions  containing  zinc  is  the 
main  factor  on  which  hinges  the  commercial  possibility  of  any  hydro- 
mietallurgical  process  for  zinc  ores.  Such  great  purity  is  required 
of  any  zinc  compoimds  usually  marketed  that  chemical  precipita- 
tion of  such  a  product  as  zinc  oxide,  in  a  form  confmaercially  accept- 
able, is  a  difficult  matter.  Also,  when  electrolytic  precipitation  is 
to  be  employed,  minute  amoimts  of  impurities  are  often  fatal  to 
good  deposition. 

ELECTBOLYTIC  DEPOSITION. 

A  separate  report  on  electrolytic  zinc  is  being  prepared  by  the 
Bureau  of  Mines,  and  that  phase  of  the  subject  will  not  be  taken  up 
in  this  bulletin. 

CHEMICAL  PRECIPITATION. 

With  some  of  the  more  unusual  solvents  that  have  been  proposed, 
chemical  precipitation  of  zinc  oxide  or  similar  marketable  products 
from  the  solutions  has  been  sought. 

AMMONIACAL   SOLUTIONS. 

Precipitation  of  ammoniacal  solutions  of  zinc  by  boiling  drives  off 
most  of  the  ammonia  and  leaves  a  precipitate  of  zinc  hydrate  which 
can  be  calcined  to  zinc  oxide.    The  process  permits  the  preparation 

•  Experimenters:  O.  £.  Young,  C.  W.  Frith,  H.  J.  liorgan,  and  B.  0.  Hinm>n. 
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of  reasonably  pure  zinc  oxide,  because  so  few  impurities  of  the  zinc 
ore  are  soluble  in  ammonia.  Copper  compounds  can  be  precipitiated 
from  these  solutions  before  boiling,  by  the  use  of  metallic  zinc  As 
hinted  at  in  the  discussion  of  leaching  (p.  86),  the  chief  difficulties  are 
due  to  deterioration  of  the  solution  and  to  losses  of  ammonia  in  the 
tailing  and  by  vaporization.  Machinery  capable  of  leaching  ores  in 
confined  tanks,  and  of  absorbing  all  the  ammonia  evaporated  from 
the  solutions  at  any  part  of  such  a  plant  would  have  to  be  invented. 
Further,  the  cost  of  heating  and  boihng  solutions  to  recover  ammonia 
is  somewhat  higher  than  any  of  the  unit  costs  usually  allowed  in  plants 
treating  ores  of  this  kind.  Ammonia  sulphates  and  chlorides  and 
other  compounds  formed  in  the  leaching  of  the  ore  would  have  to  be 
decomposed,  in  order  to  liberate  the  ammonia  from  the  solution,  by 
the  use  of  lime  after  the  zinc  had  been  precipitated,  and  this  would 
add  a  complication.  The  method  deserves  further  study,  but  at 
the  present  time  it  is  probable  that  methods  can  be  developed  which 
will  not  call  for  such  complicated  plants. 

CAUSTIC  ALKALI   SOLUTIONS. 

Caustic  alkali  solutions  of  zinc  (sodium  zincate)  can  be  decomposed 
by  dilution,  zinc  oxide  being  precipitated,  but  evaporation  of  the 
solution  after  precipitation,  in  order  to  obtain  a  strong  solution  of 
caustic  for  further  work,  is  rather  expensive.  Such  solutions  can 
also  be  electrolyzed,  but  usually  give  a  spongy  deposit,  and  the 
market  for  zinc  dust  is  limited.  Consequently  there  seems  to  be 
nothing  to  favor  processes  involving  the  use  of  caustic  alkali  solu- 
tions. 

SULPHATE   SOLUTIONS. 

Sulphate  solutions  of  zinc  might  be  precipitated  by  such  reagents 
as  ammonia  or  caustic  soda,  giving  a  hydrate  of  zinc  and  a  sulphate 
of  the  ammonia  or  the  alkali  metal  which  could  be  recovered  or  dis- 
carded. As  regards  ammonia,  the  solution  of  ammonium  sulphate 
would  later  have  to  be  boiled  with  lime  added,  in  order  to  recover 
the  ammonia  for  reuse.  Many  of  the  same  objections  that  apply  to 
the  direct  leaching  of  ore  with  ammonia  solutions  also  apply  to  this 
latter  process.  Furthermore,  the  amount  of  ammonia  absorbed  in 
the  precipitate  would  be  very  liable  to  make  the  losses  of  ammonia 
too  high.  Caustic  soda,  as  a  precipitant,  is  too  expensive.  Even 
crude  sodium  carbonate  can  not  be  delivered  to  many  points  in  the 
intermountain  region  or  elsewhere  for  less  than  1  cent  per  pound. 
Beside,  the  sulphiu-ic  acid  used  in  leaching  the  ore  is  not  regenerated 
as  in  electrolytic  precipitation.  This  is  not  a  serious  drawback  as 
sulphunc  acid  can  be  made  very  cheaply  as  soon  as  a  market  for  it 
isassured. 
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If  lime  could  be  used  as  a  precipitant  it  would  be  much,  clicaper 
than  either  ammoniacal  or  alkaline  precipitants;  also  most  precipi- 
tates of  metal  hydrates  made  with  lime  are  well  flocculated  and 
easy  to  filter.  On  that  account  rather  thorough  tests  were  made  of 
a  method  of  using  lime  as  a  precipitant  of  zinc  sulphate  solutaons, 
which  involyed  converting  the  zinc  sulphate  solution  to  zinc  chloride 
solutioii  by  the  use  of  a  solution  of  calcium  chloridci  followed  by 
precipitation  of  the  zinc  as  zinc  hydrate  by  the  use  of  lime.  The 
proposed  method  involved  running  a  solution  of  calcium  chloride 
onto  the  ore,  adding  sulphuric  acid  to  bring  the  zinc  into  solution, 
leaving  calcium  sulphate  in  the  ore  and  yielding  a  solution  of  zinc 
chloride  containing  the  excess  of  calcium  chloride.  In  precipitation 
of  this  solution  with  lime  the  calcium  chloride  would  be  regenerated. 
The  reactions  involved  are: 

CaCla+H^Of-f-ZnO  (in  ore)=CaS04+Residue+HtO+ZnGls 
ZnCl3+Ca(0H),=Zii(0H),+CaCla 

This  process  utilizes  two  very  cheap  chemicals,  sidphuric  acid  and 
lime.  Enough  calcium  chloride  would  have  to  be  added  to  make  up 
for  mechanical  losses  of  that  chemical.  Consequently,  investigation 
of  the  two  reactions  outlined  above  was  necessary. 

PRECIPITATION  OF  ZINC  8ULPHATB  SOLUTIONS  WITH  CALCIUM  CHLORIDB. 

The  first  step  was  to  see  whether  zinc  sulphate  solutions  could  be 
converted  to  chloride  of  zinc  by  the  use  of  calcium  chloride.  To  do 
this,  a  series  of  fractional  precipitations  of  the  sulphates  were  made  by 
adding  to  known  amounts  of  zinc  sulphate  solutions  0.5,  0.6,  0.7, 
0.8,  0.9,  1,  and  1.1  equivalents  of  calcium  chloride.  The  results  are 
contained  in  Table  28.  In  each  test  the  calcium  chloride  solution 
acted  on  the  zinc  sulphate  solution  for  about  60  minutes  before 
filtration.  No  filtration  difficulties  in  the  handling  of  the  calcium 
sulphate  precipitate  were  experienced.  The  solution  of  zinc  used 
contained  4.24  grams  of  zinc  per  100  c.  c. 

Table  28. — PrecipUatum  ofnUphatesfrom  tine  gulphaU  iolutiona  with  calcium  Monde. 


CaCl, 
equiynlent. 

Zinc  content 
of  pre- 
cipitate. 

Zinc  lost. 

SO4 
precipitated. 

0.5 
.0 
.7 
.8 
.0 
1.0 
1.1 

Percent, 
0.56 
.51 
.15 
.05 
.05 
Nil 
NU 

Pereen. 
1.18 
1.13 

.41 

.18 

.18 

Nil 

Nil 

Pereemt, 
50.2 
5B.8 
65.7 
74.6 
81.7 
87.2 
08.0 

From  these  tests  it  can  be  seen  that  while  an  0.5  equivalent  of 
calcium  chloride  will  precipitate  the  calculated  amoimt  of  calcium 
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sulphate  from  a  zinc  sulphate  solution  containing  5  per  cent  Zn,  the 
theoretical  equivalent  to  all  the  sulphates  will  precipitate  only  87 
per  cent  of  the  sulphates.  The  remaining  13  per  cent  of  the  sulphates 
is  probably  dissolved  calcium  sulphate.  There  is  no  published  figure 
on  the  solubility  of  calcium  sulphate  in  zinc  chloride  solutions,  but 
the  solubiUty  of  CaS04  in  hydrochloric  acid  solution  of  6  per  cent 
strength  is  6.12  parts  per  100  parts  of  water^  whereas  the  solutions 
used  contained  2^6  parts  at  25°  C.  As  the  solutions  contained  nearly 
5  per  cent  Zn,  or  more  than  10  per  cent  ZnCl,,  the  conclusion  drawn 
is  probably  justified.  One  encouraging  feature  was  that  the  pre* 
cipitated  calcium  s)ilphate  contained  almost  no  zinc.  When  the 
theoretical  or  slightly  more  than  the  theoretical  amount  of  calcium 
chloride  was  used  no  zinc  was  adsorbed  in  the  precipitate  and  lost. 

PRECIPITATION     OF    ZINC    CHLORIDE    SOLUTION    WITH    LIME, 

As  the  tests  had  shown  that  fairly  efficient  precipitation  of  the 
sulphates  from  solution  could  be  obtained  by  use  of  calcium  chloride, 
tests  on  the  precipitation  of  zinc  chloride  solutions  with  lime  were 
next  in  order. 

TESTS  WITH  PURE  ZING  CSLORIDB. 

At  first  pure  zinc  chloride  solutions  were  prepared,  in  order  that  the 
analysis  of  the  precipitate  might  be  studied  without  having  any 
complicating  effect  due  to  the  presence  of  dissolved  calcium  sulphate. 
Two  solutions  of  zinc  chloride  were  prepared,  one  containing  10  per 
cent  Zn  and  one  5  per  cent.  Each  of  these  solutions  was  tested  with 
a  series  of  additions  of  Ume  in  amounts  varying  from  0.5  to  1.0 
equivalent  to  the  zinc.  The  mixtures  were  allowed  to  stand  for 
24  hours  to  insure  complete  reaction.  The  lime  used  contained 
47.4  per  cent  CaO  and  29.9  per  cent  MgO.  The  data  on  these  tests 
is  given  in  Table  29. 

Table  29. — Prtd'piUUion  of  zinc  diloride  iolutiona  tnth  lime. 


Zino 
oontent 

of 
solution. 

CaO 
equiva- 
lent. 

Predplta- 
tton. 

Content  in  air-dry  precipitate. 

Zinc. 

CaO. 

MgO. 

Percent. 

10 
10 
10 
10 
10 
10 

0.6 
.0 
.7 
.8 
.0 

1.0 

.6 
.6 
.7 
.8 
.0 
1.0 

Percent. 
51.0 
61.8 
71.6 
83.2 
92.3 
99.  S 

57.0 
66.8 
75.1 
85.8 
93.7 
98.8 

Percent. 
57. 7 
53.8 
53.0 
53.7 
51.5 
51.0 

49.8 
49.8 
52.8 
46.0 
41.0 
43.4 

Percent. 
1.50 
1.96 
1.95 
3.18 
2.76 
3.00 

2.62 
3.18 
2.38 
4.47 
5.42 
6.31 

Percent. 
3.03 
2.39 
2.32 
2.06 
3.51 
4.30 

2.26 
3.84 
3.61 
4.03 
4.42 
4.83 
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The  conclusions  drawn  from  these  tests  were  as  follows: 

1.  The  magnesian  lime  used  precipitated  the  zinc  in  slightly  more 
than  the  calcxdated  proportion,  especially  with  10  per  cent  Zn 
solutions. 

2.  The  excess  of  zinc  precipitated  beyond  the  theoretical  propor- 
tion is  doubtless  a  basic  salt,  as  an  excess  of  zinc  oxide  is  known  to 
form  such  basic  compounds  with  zinc  chloride  solutions. 

3.  The  purest  precipitate  was  obtained  with  half  of  the  theoretical 
amount  of  lime  necessary,  and  as  the  theoretical  amount  was  more 
nearly  approached,  the  precipitate  contain^  more  and  more  lime 
and  magnesia  which  had  not  reacted  with  the  zinc  chloride  solution 
to  form  calcium  or  magnesium  chlorides. 

4.  The  precipitates  prepared  from  10  per  cent  Zn  solutions  were 
rather  difficult  to  filter,  but  the  precipitates  from  the  6  per  cent  2in 
solutions  were  easily  filtered.  On  drying  the  precipitates  and  pre- 
paring them  for  analjrsis,  those  from  the  10  per  cent  Zn  solutions 
were  also  sticky  and  difficult  to  pulverize. 

5.  It  is  possible  to  precipitate  all  the  zinc  from  a  zinc  chloride 
solution  without  using  an  excess  of  lime. 

6.  Fine  grinding  of  the  lime,  or  the  preparation  of  a  lime  paste  by 
slaking,  before  addition  to  the  zinc  solutions,  gives  more  complete 
reaction;  also  less  washing  of  the  precipitate  is  necessary  to  remove 
calcium  chloride.  A  lime  paste  was  foimd  to  be  the  best  and  most 
reliable  form  in  which  to  add  the  precipitant. 

EXPERIMENT  WITH   OXIDIZED  ZING  OBE. 

Although  the  grade  of  precipitate  obtained  in  the  test  with  zinc 
chloride  was  not  satisfactory,  on  account  of  the  large  amount  of 
lime  and  magnesium  compounds  left  in  the  precipitate,  an  attempt 
was  made  to  precipitate  the  solution  obtained  by  treating  oxidized 
zinc  ore  from  the  Wolftone  mine  of  the  Western  Mining  Co.,  of 
Leadville,  Colo.  The  ore  was  mixed  with  strong  sulphuric  acid  and 
calcined  at  600^  C.  in  order  to  break  up  colloidal  silicic  acid,  iron 
sulphates,  and  other  compounds.  The  ore  was  then  leached  vrith 
water  and  the  resulting  zinc  sulphate  solution  was  used  for  a  series 
of  precipitation  tests.  The  usual  procedure  would  involve  leaching 
the  calcine  with  calcium  chloride  solution,  followed  by  purification  of 
the  solution  with  crushed  limestone  before  filtering  from  the  residue, 
but  these  steps  were  conducted  separately  in  order  that  the  preci- 
pitates of  calcium  sulphate,  etc.,  might  be  examined  separately.  On 
that  account  calcium  chloride  solution  was  added  to  the  water  solu- 
tion of  zinc  sulphate  (containing  small  amounts  of  other  metal 
sulphates),  and  the  resulting  precipitate  of  calcium  sulphate  wa3 
filtered  from  the  solution.  After  filtration,  ground  lime  rock  was 
agitated  with  the  solution  for  about  one  hour  for  the  purpose  of 
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romoving  iron  and  aluminum  from  the  zinc  chloride  solution  by 
hydrolysis.  Then  this  precipitate  was  filtered  and  the  purified  zinc 
chloride  solution  was  treated  with  the  theoretical  proportion  of  a 
paste  of  freshly  slaked  lime  to  precipitate  zinc  hydroxide  and  re- 
generate the  calcium  chloride  solution.  The  zinc  hydroxide  precipi- 
tate was  then  filtered  and  dried.  In  normal  operation  the  reaction 
of  the  calcium  chloride  on  zinc  sulphate  would  take  place  in  the 
presence  of  the  ore,  and  likewise  the  purification  with  lime  rock. 
The  results  of  this  test  are  contained  in  Table  30. 

Table  30. — Results  of  treating  zmc-sulphate  leaching  ioliUions  tuith  lime  compounds, 

[500  c.  c.  of  solution  used  in  eacl^  test.] 


CaS04   precipi- 
tate. 

CoCOi  pariflcatlon. 

Zn  (OH)s  precipitate. 

Per- 

Weight. 

Zn. 

Weight. 

Zn. 

Fe. 

Weight. 

Zn. 

Hn. 

Fe. 

CaO. 

HgO. 

Cl. 

Time. 

oentaga 
of  re- 
covery. 

Oramt. 

P.et. 

Oranu. 

P.  a. 

P.ct. 

Oranu. 

P.  a. 

P.cL 

P.  a. 

P.et, 

P,eL 

P.et. 

Br.Mhk 

36 

0.94 

14.0 

0.94 

0.89 

21.6 

23.8 

0.06 

0.23 

37.4 

1.6 

6.76 

6 

44.6 

28 

.26 

14.0 

1.28 

1.71 

18.0 

26.4 

Trace. 

.47 

35.0 

2.4 

8.90 

10 

42.8 

87 

.94 

19.0 

.94 

1.06 

19.5 

25.0 

0.10 

.23 

85.2 

1.5 

4.06 

20 

43.4 

41 

.60 

11.6 

.77 

1.01 

22.2 

30.8 

Nil. 

.'Xi 

28.4 

1.0 

5.96 

40 

6a9 

39 

.77 

16.6 

.69 

.91 

22.0 

84.1 

NU. 

.48 

26.9 

1.3 

8.66 

1 

66.7 

41 

.77 

15.0 

.60 

.02 

22.6 

40.0 

Trace. 

.47 

22.4 

0.5 

7.81 

2 

80.2 

8fi 

.77 

14.6 

.86 

1.81 

23.5 

41.0 

2.18 

.70 

13.5 

5.7 

6.66 

4 

85.5 

43 

.60 

13.6 

.94 

1.30 

20.3 

51.7 

2.16 

.42 

6.6 

3.6 

6.04 

8 

93.4 

From  these  results  the  following  conclusions  can  be  drawn: 

1.  The  reaction  of  the  lime  paste  on  the  zinc  chloride  solution 
requires  more  than  one  hour  before  it  is  approaching  commercially 
satisfactory  completion.  Four  or  eight  hours'  time  is  better,  and  the 
indications  are  that  24  hours  would  be  stUl  better. 

2.  The  lime  content  of  the  zinc  hydroxide  precipitates  is  high 
ludess  the  time  of  reaction  is  more  than  four  hours.  It  is  probable 
that  the  coating  of  zinc  hydroxide  over  lumps  of  calcium  hydroxide 
slows  down  the  reaction  of  zinc  chloride  on  the  lime,  making  neces- 
sary long  agitation  in  order  to  obtain  a  complete  double  decomposi- 
tion. 

3.  The  preparation  of  a  lime  paste  of  sufficient  strength  that  1  c.  c. 
is  equivalent  to  0.2  gram  of  zinc  was  found  to  be  easily  attainable. 

4.  The  chlorine  content  of  the  air-dried  precipitate  of  zinc  hydroxide 
was  variable  but  seemed  to  tend  toward  an  average  of  6  per  cent. 
This  chlorine  is  probably  present  as  basic  chloride  of  zinc.  When 
the  hydrate  of  zinc  is  ignited  to  form  zinc  oxide  most  of  the  chloride 
of  zinc  would  be  volatilized  and  would  have  to  be  caught  again  in 
water  for  reprecipitation. 

5.  The  ore  that  was  treated  in  this  series  of  tests  contained  manga- 
nese^ which  was  precipitated  with  the  zinc,  discoloring  the  zino 
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hydroxide  to  a  dirty  brown  color  when  the  reaction  was  nearly 
completed.  Manganese  sulphate  is  not  hydrolized  iq  the  presence 
of  crushed  lime  rock  in  cold  solutions  and  hence  is  not  completely 
removed  with  the  iron  and  the  alununa. 

6.  The  precipitate  of  calciimi  sulphate  formed  in  the  first  reaction 
of  the  process  carries  very  little  zinc  and  can  be  discarded.  Not  more 
than  1  per  cent  of  the  total  zinc  is  lost  in  this  way. 

REMOVAL  OF   MANGANESE. 
USE  OF  CHLOBIDE   OF  LIMB   IN   MODERATE  AMOUNTS. 

On  account  of  the  discoloration  of  the  zinc  hydroxide  precipitate 
with  manganous  hydroxide  and  its  oxidation  products,  further  tests 
were  necessary  in  which  removal  of  the  manganese  by  oxidizing  it 
with  some  form  of  chlorine  was  sought.  In  the  first  set  of  tests 
made,  chloride  of  lime  was  used  to  supply  the  chlorine.  Twenty 
pounds  of  CaOCl,  per  ton  of  solution  were  used  in  each  test,  and  a 
series  of  tests  were  made  in  which  various  amoimts  of  sulphuric 
acid  were  added  to  liberate  more  or  less  of  the  chlorine  from  the 
chloride  of  lime.  These  amoxmts  of  sulphuric  acid  are  recorded  in 
the  columns  of  ''acid  equivalents."  The  calcium  chloride  and 
chloride  of  lime  were  added  together,  forming  the  first  precipitate, 
which  was  removed  by  filtration,  then  crushed-lime  rock  was  added 
to  remove  iron  and  alumina,  followed  by  precipitation  of  the  zinc 
with  a  paste  of  slaked  lime.     The  results  are  contained  in  Table  31. 

Table  31. — RenUU  oftretUmg  zinc  tulphaU  solutions  wUh  lime  compounds  for  removal  of 

manganese, 

[In  eaoh  test:  20  pounds  of  CaOCls  per  ton  of  solution;  fiOO  o.  o.  of  solution;  30.50  grams  Zn  per  liter;  time, 

4  hours.) 


Acid 

MUiTA- 

lont. 

CaS04Dreolpl- 

CaCOt  precipitate. 

Zn  (0H)t  precipitate. 

Weisbt. 

Zn. 

Weight. 

Zn. 

Fe. 

Un. 

Weight 

Zn. 

Hn. 

Fo. 

OaO. 

CL 

Per- 

oentaea 

ofre- 

4 

cartrfm 

GratM. 

P.d. 

Orams. 

P.ct. 

P.et. 

P.et. 

Oramt. 

P.et. 

P.et. 

P.et. 

P.et. 

P.cL 

0.0 

28.6 

Trace. 

14.7 

4.86 

3.85 

a  16 

33.5 

38.1 

0lO7 

0.09 

21.55 

ll.« 

81.2 

.125 

46.4 

Trace. 

22.0 

2.50 

2.27 

.08 

30.1 

37.1 

.04 

.22 

30.90 

9.24 

73.3 

.25 

30. 2 

Trace. 

30.3 

2.10 

2.58 

.14 

82.2 

36.5 

.04 

.17 

19.76 

0.56 

77.« 

.5 

50.3 

Trace. 

27.5 

1.18 

1.87 

.15 

32.5 

36.5 

.035 

.31 

20.85 

8.51 

77.8 

1.0 

30.0 

Trace. 

26.8 

1.18 

1.80 

.53 

37.8 

32.6 

.035 

.U 

20.60 

9.66 

80.7 

1.5 

49.9 

Trace. 

28.3 

1.18 

1.74 

.91 

34.1 

39.2 

.021 

.13 

19.90 

11.78 

87.5 

2.0 

43.0 

Trace. 

37.0 

a79 

L18 

.74 

33.9 

37.8 

.028 

.17 

19.06 

ia85 

83.9 

The  table  shows  that  the  manganese  content  of  the  final  precipi- 
tate was  low;  also  it  was  observed  that  the  precipitate  was  of  a  sat- 
isfactory white  color.  The  lime  content  of  the  precipitate  was  too 
high,  as  insufficient  time  had  been  allowed  for  the  reaction  of  the 
lime  on  the  zinc  chloride  solution.    On  that  account  further  treat- 
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ment  of  these  precipitates  with  zinc  chloride  solutions,  to  see  whether 
the  lime  would  react  and  go  into  solution  as  calcium  chloride,  was 
thought  hest.  This  was  done  with  the  precipitates  from  the  next  set 
of  tests  about  to  be  described. 

USE  OF  LARGER  AMOUNTS  OF  CHLORIDE   OF  LIMB. 

As  the  improved  color  of  the  precipitate  was  encouraging,  another 
series  of  tests  was  made  with  greater  amoimts  of  chloride  of  lime,  in 
the  hope  that  most  of  the  manganese  could  be  precipitated  as  the 
dioxide,  in  a  marketable  product.  The  results  of  the  tests  are  re- 
ported in  Table  32.  The  use  of  the  greater  amounts  of  chloride  of 
lime  seemed  to  give  erratic  results,  and  the  precipitates  were  colored 
with  manganese,  especially  those  in  the  first  and  third  tests,  which 
were  very  brown.  However,  the  lower  percentage  of  lime  left  in 
the  precipitates,  as  compared  with  the  previous  set  of  tests,  was  a 
favorable  feature. 

Table  32. — Results  of  treating  zinc  sulphate  solutions  with  excess  CaOCl^  to  remove 

manganese. 

[500  c.  c.  of  solution,  with  3.05  per  cent  Zn  content,  used  in  each  test;  solution  nutated  4  hours  at  20**  C] 


GaSO^CaCOs  precipitate. 

Zn  (OHH  precipitate. 

CaOCh, 
pounds 
per  ton. 

Weight. 

Zn. 

Fe. 

Mn. 

Weight 

Zn. 

Fe. 

Mn. 

CaO. 

MgO. 

a. 

Per- 
centage 

of  re- 
covery. 

40 
60 
80 

Onm». 

79.2 

101.2 

03.0 

P.et. 
3.15 
1.05 
2.63 

P.cL 
2.72 
6.85 
3.56 

P.ci. 

0.75 

.76 

.76 

Qranu. 
27.5 
26.2 
27.9 

P.ct. 
45.7 
49.7 
47.2 

P.ct. 

0.91 

1.72 

.18 

P.ct. 

2.47 

.40 

2.21 

P.d. 

13. 10 

9.55 

15.05 

P.et. 
3.85 
4.47 
3.96 

P.ct. 
4.58 
2.91 
3.54 

82.6 
85.0 
86.5 

USE   OF  ZINC  CHLORIDE   SOLUTION. 

The  content  of  lime  left  in  the  precipitates  was  still  too  large,  so 
the  precipitates  of  this  last  series  of  tests  were  furth^  treated  with 
a  5  per  cent  ZnCl,  solution,  to  correspond  with  the  conditions  for 
precipitation  of  zinc  chloride  solutions  with  lime  in  a  series  of  counter- 
current  agitators  and  thickeners.  The  data  on  these  tests  are  con- 
tained in  Table  33.  Test  4  was  made  with  a  mixture  of  precipitates, 
from  one  of  the  former  sets  of  tests,  having  a  high  hme  content. 

Table  33. — Results  of  treating  zinc  hydroxide  precipitate  with  zine  chloride  sohUian  to 

remove  liTne. 


Test  No. 

Original  precipitate. 

Final  precipitate. 

Weight. 

Zn. 

C^O. 

MgO. 

CL 

Kn. 

Weight. 

Zn. 

CaO. 

MgO. 

CL 

Mn. 

1 

Oram*. 

18L0 

19.1 

17.0 

100.0 

P.ct. 
45.7 

49.7 
47.2 
34.0 

P.et. 
13.10 
9.55 
15.06 
19.52 

P.ct. 
3.86 
4.47 
a.  96 

P.ct. 
4.68 
2.91 
3.51 

P.cL 

2.47 

.40 

X21 

Oranu. 

21.7 

26.5 

20.8 

120.7 

P.ct. 
54.2 
53.1 
64.7 
49.4 

P.ct. 
1.29 
LIO 
1.00 
3.40 

P.ct. 

2.72 

2.42 

2.50 

.40 

P.ct. 
8wl8 
9.00 
6.05 
8.25 

P.ct, 
Q  13 

2 

30 

3 

73 

4 

08 
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This  series  of  tests  shows  that  4  hours'  agitation  of  the  precipitate 
with  fresh  zinc  chloride  solution  removes  practically  all  of  the  lime, 
leaving  less  than  2  per  cent  CaO  in  the  precipitate,  although  not 
much  of  the  magnesia  was  removed.  The  percentage  of  zinc  was 
not  raised  much  and  the  percentage  of  chlorine  was  increased.  It 
was  noticed  that  the  precipitates  tended  to  combine  with  the  zinc 
chloride  of  the  solution  to  form  hard  cakes,  supposedly  oxychloride  of 
zinc,  which  will  set  somewhat  like  magnesium  oxychloride  cement. 
When  the  zinc  hydroxide  is  later  calcined  to  form  zinc  oxide,  all  of 
the  zinc  chloride  would  be  volatilized  and  could  be  caught  from  the 
calciner  gases  and  returned  to  the  zinc  chloride  solutions.  For  some 
reason  the  manganese  content  of  the  residual  zinc  hydroxide  was 
lowered  markedly,  although  the  precipitate  still  had  a  dark  color. 

TB8T8  WrrH  CHLORINB  WATER. 

As  no  advantage  was  to  be  gained  from  using  large  amounts  of 
chloride  of  lime  for  preventing  manganese  from  entering  the  precipi- 
tate, it  was  next  determined  to  try  chlorine  gas  for  the  oxidation  of 
the  manganese,  as  weU  as  to  try  the  effect  of  heating  the  solution 
while  using  chloride  of  lime.  The  conditions  of  the  five  tests  made 
were  as  follows: 
,     No.  1.  Hot,  CaOClj,  20  pounds  per  ton  of  solution. 

No.  2.  200  c.  c.  of  saturated  chlorine  water  per  500  c.  c.  of  solution, 
cold. 

No.  3.  400  c.  c.  of  saturated  chlorine  water  per  500  c.  c.  of  solution 
cold. 

No.  4.  200  c.  c.  of  saturated  chlorine  water  per  500  c.  c.  of  solution, 
boiling. 

No.  5.  400  c.  c.  of  saturated  chlorine  water  per  500  c.  c.  of  solution, 
boiling. 

The  data  on  the  precipitates  obtained  in  these  tests  is  contained  in 
Table  34.  The  chlorine  was  applied  to  the  solution  at  the  same  time 
as  the  lime  rock,  as  this  provides  the  conditions  imder  which  man- 
ganese should  theoretically  be  precipitated.  Actually  very  little 
manganese  was  eliminated  from  the  solution ;  later  it  was  thought  that 
the  manganese  must  be  present  in  the  oxidized  solutions  as  man- 
ganates  or  permanganates  of  zinc  or  calcium,  all  of  which  are  very 
soluble.  In  these  tests  insufficient  lime  for  complete  precipitation 
was  used,  as  it  was  hoped  that  with  the  smaller  amoimts  of  lime  zinc 
hydrate  of  reasonable  purity  could  be  obtained  in  four  hours'  reac- 
tion. The  results  indicate  that  the  precipitate  can  not  be  kept  free 
of  lime  unless  the  lime  and  the  zinc  chloride  solution  are  in  contact 
at  least  eight  hours  or  more.  The  precipitates  obtained  in  this  series 
of  tests  were  white  and  contained  sufficiently  low  percentages  of 


HYDROMBTALLURGY  OF  ZINC  SULPHIDE  ORES. 


97 


iron  aad  manganese  to  be  acceptable.  Only  the  lime  and  chlorine 
a]*e  left,  according  to  the  analyses  recorded.  Later  it  was  found  that 
sulphates  a]so  were  present  in  serious  amounts. 

Table  34. — ReauUa  of  treating  tine  sulphate  Boludons  with  ddorine  to  oxidize  manganese. 

[500  0.  c.  of  3.06  per  oent  Zn  eolntion  in  each  test.] 


CaSOl  precipitate. 

CaCOa  precipitate. 

Zn  (OH)t  precipitate. 

Test 

Zn. 

No 

Per- 

Weight. 

Per- 
cent- 
age. 

Weight. 

Zn. 

Mn. 

Fe. 

Wei^t. 

Zn. 

Fe. 

Mn. 

CaO. 

MgO. 

Cl. 

centage 
of  re- 
covery. 

Qranu. 

QrarM. 

P.ct. 

P.  a. 

P.ct. 

Qrama. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

1 

41.8 

0.43 

aas 

3.94 

Nil. 

1.81 

12.7 

51.7 

a36 

0.06 

7.6 

ass 

6.12 

45.0 

2 

42.6 

.26 

15.2 

2.23 

2.40 

8.30 

15.4 

46.8 

.44 

.05 

7.3 

.25 

5.17 

43.5 

8 

44.2 

.26 

19.7 

3.67 

6.30 

2.72 

15.2 

48.6 

.43 

.13 

8.7 

.28 

6.81 

47.2 

4 

43.5 

.87 

28.5 

3.02 

1.20 

2.17 

13.8 

46.0 

.45 

.24 

10.8 

.52 

6.05 

48.6 

6 

45.6 

1.22 

29.6 

11.65 

.53 

1.85 

13.9 

49.0 

.36 

.09 

8.3 

.38 

6.17 

41.5 

The  chlorine  used  in  these  tests  had  been  applied  as  chlorine 
water,  which  diluted  the  zinc  chloride  solution.  In  the  next  series 
of  tests  chlorine  gas  was  applied  directly  to  cold  solutions. 


TESTS  WITH  CHLORINE  GAS. 


The  designing  of  this  set  of  tests  depended  on  the  following  con- 
siderations: It  had  been  shown  that  the  treatment  with  fresh  zinc 
chloride  solution  for  a  sufficient  length  of  time  would  dissolve  most  of 
the  lime  left  in  the  precipitate.  Hence  a  series  of  cyclic  leaches 
of  ore,  with  purification  and  precipitation  of  the  liquor  during  each 
cycle  was  designed.  The  precipitate  of  each  test  was  partly  de- 
watered  and  then  treated  with  fresh  solution  from  the  succeeding 
leach,  followed  by  dewatering  and  treatment  with  the  fresh  solution 
of  the  next  succeeding  leach.  In  this  way  the  zinc  chloride  solutions 
were  treated  by  countercurrent  agitation  and  thickening  with  the 
lime  precipitant.  The  final  precipitate  was  further  washed  with 
water  and  the  wash  water  was  analyzed  for  zinc.  Then  the  zinc  hy- 
droxide precipitate  was  ignited  to  form  zinc  oxide,  and  to  drive  oflf 
all  zinc  chloride  so  that  it  might  be  recovered  and  retreated  in  solution. 

The  ore  used  for  these  tests  was  from  the  Bullion  Coalition  mine, 
in  the  Stockton  district  of  Utah.  It  was  mixed  with  sulphuric  acid 
in  amount  equivalent  to  the  zinc  in  the  ore,  and  was  calcined  at 
700®  C.  in  order  to  break  up  all  colloidal  silica,  iron  sulphate,  and 
aliuninum  sulphate,  leaving  only  zinc  sulphate  to  be  leached  with 
the  calcium  chloride  solution  returned  from  precipitation  of  the 
previous  cycle.  In  this  way  calcium  sulphate  was  precipitated  in 
the  pulp.     Then  chlorine  gas  was  bubbled  through  the  pulp  till  it 
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smelled  strongly,  after  which  ground  calcium  carbonate  was  added 
and  the  pulp  was  agitated  for  two  hours  to  cause  hydrolysis  and 
precipitation  of  iron,  aluminum,  and  manganese.  The  pulp  was 
then  ready  for  filtration  and  precipitation. 

The  data  on  tiiese  cyclic  leaching  and  precipitation  tests  is  con- 
tained in  Table  35.  The  high  percentage  of  manganese  in  the 
second  precipitate  was  thought  to  be  due  to  the  use  of  lime  in  excess 
of  the  theoretical  proportion.  In  nearly  every  test  the  solution  was 
agitated  for  about  four  hours  after  the  lime  was  added,  but  in  the 
eighth  and  ninth  tests  only  about  two  hours'  time  was  allowed, 
which  accounts  for  the  higher  proportion  of  lime  in  the  precipitates 
from  these  two  tests.  The  chlorine  content  in  the  precipitates  varied 
considerably  as  they  tended  to  crack  and  shrink  while  on  the  filter, 
with  the  result  that  go6d  washing  was  difficult;  hence  various 
amoimts  of  zinc  chloride  were  left  in  them.  It  is  possible  that  re- 
pulping  of  this  precipitate  with  water,  followed  by  a  second  filtering 
would  be  necessary. 

The  precipitates  were  also  analyzed  for  sulphates,  and  surprisingly 
large  amounts  were  found.  Later,  it  was  determined  that  the 
amount  of  sulphates  present  in  the  final  precipitate  was  very  nearly 
equivalent  to  the  amount  of  gypsum  that  can  be  dissolved  in  the 
zinc  chloride  solution.  The  remedy  would  be  to  use  solutions  con- 
taining higher  proportions  of  zinc  and  also  to  use  a  slight  excess  of 
calcium  chloride  in  order  to  lower  the  solubility  of  the  calcium 
sulphate  due  to  the  ''common  ion''  effect. 

After  drying,  weighing,  and  analysis,  the  precipitates  were  ignited 
at  a  low  red  heat,  in  order  to  form  zinc  oxide  and  to  drive  off  any 
zinc  chloride  present.  After  burning,  most  of  the  precipitates  had  a 
yellow  tinge.  The  analysis  of  the  ignited  oxide  shows  that  it  was 
still  considerably  contaminated  with  calcium  sulphate. 
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100  RECOVERY  OF  ZINC  FROM  ORES. 

From  this  set  of  tests  the  following  conclusions  may  be  drawn: 

1.  It  is  possible  to  treat  ores  with  calcium  chloride  and  sulphuric 
acid  to  obtain  zinc  chloride  solutions  containing  only  small  amounts 
of  dissolved  calcium  sulphate. 

2.  These  solutions  can  be  purified  of  iron,  aluminum,  and  manganese 
by  the  use  of  chlorine  gas  followed  by  the  use  of  crushed  lime  rock, 
which  causes  hydrolysis  of  the  highly  oxidized  compounds  of  these 
metals,  the  generation  of  calcium  chloride  during  hydrolysis  pre- 
cipitating some  of  the  calcium  sulphate  dissolved  in  the  zinc  chloride 
solution. 

3.  Precipitation  with  lime  gives  a  hydrate  of  zinc  and  regenerates 
calcium  chloride  for  use  in  the  next  cycle. 

4.  The  main  impurities  of  the  2inc  hydrate  are  excess  calcium 
hydroxide,  calcium  sulphate,  calcium  chloride  and  zinc  chloride. 
More  than  8  hours'  contact  of  solution  with  the  lime  is  necessary  for 
converting  all  the  calcium  hydroxide  to  the  soluble  calcium  chloride. 
Careful  washing  will  remove  most  of  the  calcium  chloride  and  much 
of  the  zinc  chloride.  During  ignition  to  the  form  of  oxide,  most  of 
the  remaining  zinc  chloride  is  volatilized.  The  content  of  calcium 
sulphate  can  be  kept  down  by  using  solutions  containing  more  than 
5  per  cent  zinc  and  by  adding  an  excess  of  calcium  chloride  to  the 
zinc  chloride  solution. 

5.  About  6  per  cent  of  the  total  zinc  content  in  the  zinc  hydroxide 
precipitate  is  present  as  zinc  chloride,  which  is  volatilized  during 
ignition  to  the  oxide. 

6.  With  3.5  per  cent  zinc  solutions  the  final  zinc  oxide  product  will 
average  over  65  per  cent  zinc. 

7.  No  filtration  or  thickening  difficulties  are  encountered. 

BISULPHITE   SOLUTIONS. 

The  employment  of  bisulphite  solutions  as  a  means  of  recovering 
zinc  has  attracted  some  attention  in  times  past,  so  that  the  literature 
is  full  of  speculations  and  arguments  as  to  the  advantages  of  sul- 
phurous acid  leaching  of  zinc,  but  to  date  no  one  has  been  able  to 
handle  the  precipitation  problem  satisfactorily. 

It  has  been  proposed  to  recover  the  zinc  as  the  monosulphite  from 
such  solutions  by  heating  them  to  a  sufficient  temperature  to  drive 
off  the  extra  sulphur  dioxide.  This  sulphur  dioxide  was  to  be  used 
over  again  in  the  leaching  step  of  the  process.  Tests  of  sulphurous 
acid  leaching  made  at  the  Salt  Lake  City  station  and  of  sulphurous 
acid  as  a  solvent  are  described  in  another  part  of  this  bulletin. 
Practically  all  of  the  zinc  in  the  bisulphite  solutions  could  be  pre- 
cipitated as  insoluble  zinc  monosulphite  by  boiling,  but  the  solution 
had  to  be  boiled  till  more  than  half  of  the  water  had  been  evaporated. 
Further,  the  zinc  bisulphite  solutions  oxidized  rapidly,  so  that  the 
solutions  tested  contained  nearly  50  per  cent  of  the  zinc  as  sulphate. 
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As  the  small-scale  laboratory  tests  probably  afforded  a  better  chance 
for  air  to  act  on  the  surface  of  the  solution  than  would  probably  be 
found  in  practice,  the  tests  were  repeated,  care  being  taken  to  prepare 
a  fresh  solution  which  had  had  a  minimum  contact  with  the  air. 
Even  then  33  per  cent  of  the  zinc  oxidized  to  the  sulphate  condition 
before  the  precipitation  t^sts  by  boiling  could  be  performed.  On 
that  account,  in  any  process  involving  the  precipitation  of  zinc 
bisulphite  solutions  provision  must  also  be  made  for  precipitating 
zinc  sulphate.  This  necessity  has  led  some  to  propose  evaporating 
the  solution  to  dryness  and  recovering  only  zinc  sulphate,  which 
could  be  sold  as  such  or  calcined  to  form  sulphur  dioxide  and  zinc 
oxide.  The  cost  of  evaporation  would  be  a  serious  objection  to  such 
a  method,  as  not  more  than  a  10  per  cent  zinc  solution  can  be  pre- 
pared and  the  amount  of  water  to  be  evaporated  is  too  large. 

Also,  tests  were  made  of  the  method  of  precipitating  such  solu- 
tions by  the  addition  of  enough  zinc  oxide  from  a  later  stage  of  the 
process  to  neutralize  the  acidity  due  to  sulphurous  acid  and  to  the 
bisulphite  of  zinc.  This  would  form  zinc  monosulphite,  which  is 
insoluble  and  should  precipitate.  On  filtering  the  precipitate  from 
the  solution  and  calcining  it,  the  zinc  monosulphite  breaks  up  into 
sulphur  dioxide  and  zinc  oxide  and  no  solution  has  to  be  evaporated. 
This  method  worked  very  well  with  the  zinc  bisulphite  solutions, 
but  zinc  sulphate  solutions  would  not  precipitate.  Consequently, 
this  method  would  not  meet  the  requirements  mentioned  of  having 
a  precipitant  which  would  recover  the  zinc  from  both  zinc  bisulphite 
and  zinc  sulphate  solutions,  but  was  preferable  to  heating  the 
solution  of  zinc  bisulphite. 

Ammonia  will  precipitate  zinc  from  either  sulphate  or  bisulphite- 
solutions,  after  which  the  ammonia  can  be  recovered  from  the  pre- 
cipitated solutions  by  boiling  with  lime.  However,  absorption  of 
ammonium  compounds  by  the  precipitated  zinc  hydroxide,  together 
with  mechanical  losses  of  the  ammonia,  might  make  this  process 
unattractive.  Sodium  hydroxide  will  also  precipitate  the  zinc  from 
both  forms,  but  is  too  expensive. 

SXTHMABY. 

Summarizing,  the  precipitation  of  zinc  from  its  various  solutions 
constitutes  the  major  problem  in  the  hydrometallurgy  of  zinc. 
Electrolytic  precipitation  is  only  being  perfected  and  the  installation 
costs  of  an  electrolytic  zinc  plant  are  so  great  that  such  a  process 
could  be  used  only  for  the  treatment  of  large  bodies  of  ore  or  in  a 
custom  plant.  Chemical  precipitation  of  a  zinc  oxide  product  from 
most  of  the  solutions  that  are  capable  of  commercial  preparation  is 
difficult.  Zinc  chloride  solutions  are  easily  precipitated  by  lime, 
although  the  product  is  not  of  the  highest  grade.  Sulphate  solutions 
of  zinc  can  not  be  precipitated  economically  by  any  known  direct 
precipitation  process,  but  can  be  precipitated  after  conversion  to 
zinc  chloride.    The  sulphite  solutions  of  zinc  deserve  further  study. 


OXIDIZED  ZINC  ORES. 
UTTBODUCTIOir. 

Beneficiation  of  low-grade  oxidized  ores  of  zinc  has  long  been  a 
baflling  metallurgical  problem,  and  satisfactory  methods  of  treat- 
ment have  still  to  be  worked  out.  Most  ores  of  this  type  are  ocherous 
and  earthy  and  can  not  be  concentrated  mechanically.  On  that 
account  such  ores  are  not  worked  for  their  zinc  content  alone  unless 
they  are  of  sufficiently  high  grade  for  direct  shipment  to  the  smelter. 
Throughout  the  intermountain  western  region  are  deposits  of  oxi- 
dized zinc  ore  containing  as  high  as  25  per  cent  zinc  which  can  not 
be  concentrated  by  any  known  method  and  is  rarely  accepted  by 
zinc  smelters.  For  a  time,  shortly  after  the  European  war- sent  the 
price  of  zinc  up,  ores  with  as  low  as  20  per  cent  zinc  content  were 
shipped  from  the  intermountain  States  to  the  zinc  smelters  in  the 
gas  belt,  because  the  smelters  did  not  have  sufficient  roaster  capacity 
and  wished  oxidized  ores  in  order  to  keep  the  distillation  furnaces 
going  at  full    capacity  while  the  roasting  equipment  was    being 

augmented. 

COKCENTBATIOK  PROCESSES. 

GRAVITY  CONCENTRATION. 

• 

As  mentioned,  the  ores  containing  oxidized  zinc  minerals  are 
usually  too  ocherous  and  clay-like  to  permit  mechanical  separation. 
A  few  ores  are  relatively  "free"  and  can  be  concentrated  by  jigs, 
tables,  and  other  gravity  concentration  machines.  The  cal&mind 
ores  of  Arkansas,  which  are  being  concentrated  and  shipped  to  zinc 
smelters,  are  an  example  of  this  type  of  "free"  ore.  Ores  containing 
2  to  10  per  cent  zinc  are  the  ones  usually  mined  and  milled  in  this 
way,  the.  Joplin  type  of  wet  mill  being  in  favor.  Needless  to  say, 
all  of  the  zinc  mineral  in  the  more  finely  divided  ore  is  lost,  and  the 
slime  problem  is  important;  flotation  has  not  been  satisfactory. 
Hence,  recoveries  by  gravity  concentration  vary  from  40  to  70  per 
cent,  probably  averaging  about  60  per  cent.  The  oxidized  zinc  ores 
of  the  intermountain  western  region  are  usually  too  intimately  asso- 
ciated with  the  gangue  material  to  be  amenable  to  this  type  of  treat- 
ment. In  Arkansas  and  Missouri  the  oxidized  zinc  ores  were  formed 
from  the  oxidation,  in  place,  of  blende  coarsely  disseminated  in  a 
flint  or  chert  gangue,  whereas  those  of  the  intermoimtain  region  are 
from  oxidation  of  contact  metamorphic  deposits  or  of  replacement 
deposits  and  are  usually  contaminated  with  the  oxidized  minerals 
of  iron,  lime,  magnesia,  manganese,  and  other  metals.    Much  of  this 
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ore  is  so  yellow  with  limonite  that  individual  particles  of  smith- 
sonite  or  of  calamine  are  very  difficult  to  distinguish.  It  is  these 
ores  that  resist  gravity  concentration. 

FLOTATION.^ 

As  in  most  western  oxidized  zinc  ores  the  miuerals  are  finely  inter- 
crystalUzed,  concentration  of  such  ores  by  fine  grinding  and  flotation 
seemed  possible.  Sulphidizing  and  flotation  has  become  popular  for 
the  treatment  of  oxidized  ores  of  lead  and  of  copper,  and  it  was 
thought  the  same  method  might  be  applied  to  oxidize^  zinc  ores. 

However,  in  none  of  the  ores  tested  could  any  apparent  concentra- 
tion be  made  of  the  zinc  carbonate  and  zinc  silicate  minerals  by  the 
usual  sulphidizing  methods.  In  fact  the  flotation  froth  from  the  yel- 
lowish ocherous  ores  from  Utah,  Nevada,  and  Colorado  was  often 
slightly  lower  in  zinc  than  the  tailing.  Sulphureted  oils,  ammonium 
sulphide,  and  other  such  reagents  all  failed. 

Mr.  Frank  Bird,  of  Salt  Lake  City,  reported  that  by  sulphidizing 
with  sodium  sulphide  followed  by  the  use  of  oleic  acid  as  a  flotation  oil, 
he  was  able  to  obtain  a  partial  flotation  of  oxodized  ziac  minerals.  By 
making  up  a  synthetic  ore  of  zinc  carbonate  and  quartz  it  was  pos- 
sible to  verify  his  tests,  but  when  the  method  was  applied  to  a  number 
of  natural  ores,  high  in  lime,  the  result  was  that  the  lime  was  floated 
and  the  zinc  minerals  were  left  behind  with  the  other  gangue  minerals. 
Supposedly  a  superficial  film  of  metallic  oleates  is  formed  in  the  pres- 
ence of  sodium  hydroxide,  and  these  oleates  are  easily  "oiled"  by  the 
flotation  oil.  Possibly  resinates  could  be  used  for  the  same  purpose,  as 
is  probably  being  done  at  the  plant  of  the  Chinp  Copper  Co.  at  Hurley, 
N.  Mex.,  where  copper  carbonates  are  treated  with  a  solution  con- 
taining sodium  sulphide,  sodium  resinate,  etc.  However,  commer- 
cially valuable  results  in  the  flotation  of  zinc  carbonate  by  any  of 
these  methods  were  not  obtained  in  the  tests  at  the  Salt  Lake  City 
station. 

Where  a  small  amount  of  lead  carbonate  was  present  with  the  zinc 
carbonate,  usually  the  lead  carbonate  could  be  sulphidized  and  floated 
in.  the  presence  of  the  zinc,  providing  no  manganese  dioxide,  lead 
peroxide,  basic  sulphates  of  iron,  or  other  elements  deleterious  to  sul- 
phidizing were  present. 

MAGNETIC  SEPABATION  OF  LIMONITE  AND  OXIDIZED  ZINO 

MINEBALS.<» 

Magnetic  separation  of  limonite  in  oxidized  ores  of  zinc  was  deemed 
possible  because  a  very  slight  reducing  roast  is  reputed  to  render 
limonite  ''magnetic,''  so  that  it  could  be  removed  from  the  ore  with 
an  ordinary  low  intensity  magnetic  separator. 

•  Ezptftmenten:  R.  W.  Johoion  and  A.  X.  KoChrystal. 
h  Experimenters:  S.  8.  Ai«nte  and  O.  C.  Ralatoo. 
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Tests  were  made  of  a  sample  of  ore  from  the  Bullion  Coalition  mine. 
The  results  of  an  ultimate  analysis  of  this  ore  are  given  in  the  follow- 
ing t-able,  the  mineralogic  composition,  as  calculated  from  this  analysis, 
being  included. 

Comporition  of  ore  from  Bullion  Coalition  mine. 


intimate  anal^'sis. 


Insoluble. 

CftO 

Fe 

Al^,.... 

Zn 

Pb 

Cu 

8 

CO, 

Ag 


Percent, 

12.i& 

1.1 

lli.0 

2.0 

30. 4 

.21 

.13 

.92 

19.04 

a. 15 


Mineralogic  composftion  (calcu- 
lated). 


Kaolin 

Calclte 

Smithaonite. 

Calamine 

Anglesite.... 
Cernisite.... 

Pyrite 

Llmonite.... 
ICalaclUte... 


Total. 


Per  cent. 

22.02 

1.97 

44.  M 

4.05 

.31 

.00 

2.25 

22.65 

.23 


99.75 


«  Onncesperton. 

In  appearance  the  yellow  ocherous  limonite  predominated  and 
seemed  to  be  plastered  over  the  particles  of  zinc  carbonate.  The 
latter  were  occasionally  visible  as  large  white  specks,  but  in  the 
greater  part  of  the  ore  were  indistinguishable. 

The  material  was  crushed  to  pass  a  20-mesh  screen,  mixed  with 
5  per  cent  of  coal  dust,  and  heated  in  a  muffle  furnace  out  of  contact 
with  the  air  for  two  hours.  The  weight  of  the  resulting  calcine  was 
only  85.5  per  cent  of  the  original  weight.  Of  this  calcine  40  per  cent 
was  separated  on  a  low-intensity  Campbell  magnetic  separator.  The 
magnetic  material  analyzed  22.3  per  cent  zinc.  The  other  45.5  per 
cent  of  the  ore  contained  38.2  per  cent  zinc,  a  product  which  could 
easily  be  sold,  as  prices  for  oxidized  zinc  ore  are  figured  on  a  basis 
of  35  per  cent  zinc.  Normally  a  30  per  cent  zinc  ore  can  not  bo 
shipped  from  Utah  to  the  *'gas  belt"  at  a  profit  on  account  of  freight 
costs. 

With  prewar  conditions  and  5-cent  spelter,  the  net  value  in  Salt 
Lake  City  of  1  ton  of  *  'carbonate "  ore  containing  30  per  cent  zinc 
would  vary  from  nothing  to  $5,  whereas  that  of  a  ton  of  38  per  cent 
zinc  ore  under  the  same  conditions  would  be  about  S12.50.  As 
mining  costs  have  to  be  paid  out  of  this  net  return  and  the  higher 
grade  ore  has  a  sure  market,  while  the  price  paid  for  the  lower  grade 
ore  fluctuates  according  to  the  conditions  of  the  stock  piles  at  the 
zinc  smelters,  such  ore  could  easily  be  treated  at  a  profit  by  magnetic 
separation,  although  the  reject  contains  22.3  per  cent  zinc — ^30  per 
cent  of  the  total  zinc  in  the  ore.  The  low  recovery  of  zinc,  however, 
would  normally  condemn  such  a  procedure. 

Many  small-scale  tests  were  made  in  order  to  determine  the  effects 
of  various  percentages  of  reducing  agent,  different  lengths  of  time, 
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and  different  temperatures  of  reduction.  The  averages  of  the  best 
results  showed  that  on  nearly  all  different  sizes  it  was  possible  to 
obtain  a  nonmagnetic  residue  containing  40  per  cent  zinc  and  weigh- 
ing about  42  per  cent  of  the  original  ore,  and  a  magnetic  product 
containing  21.8  per  cent  zinc  and  also  weighing  about  42  per  cent  of 
the  original  ore.  This  latter  work  was  done  with  a  sample  containing 
only  24.82  per  cent  zinc. 

None  of  the  zinc  in  the  magnetic  product  could  be  separated,  on 
account  of  the  intimate  crystallization  of  the  zinc  with  the  iron  min- 
erals. The  ore  used  is  representative  of  much  of  the  oxidized  brown 
''carbonate''  ore  of  the  Rocky  Mountain  mining  districts. 

CALCINING  OXIDIZED  ZINC  ORES,  a 

Calcining  oxidized  zinc  ores  as  a  method  of  concentration  has 
been  repeatedly  proposed.  The  fundamental  principle  of  this  treat- 
ment is  that  the  water  of  hydration  and  the  combined  carbon  dioxide 
in  the  ore  can  be  driven  off,  leaving  all  the  zinc  and  the  othermetals 
in  a  product  of  much  less  weight  and  consequently  higher  grade. 
There  is  no  doubt  that  calcining  any  zinc  ore  which  is  normally  of 
shipping  grade,  but  which  is  at  some  distance  from  the  zinc  smelters, 
will  pay.  For  instance,  with  the  oxidized  zinc  ores  of  Nevada,  the 
ifreight  rates  to  the  "gas  belt"  are  $8  to  $11  per  ton;  hence  a  loss  in 
weight  by  the  ore  amounting  to  25  or  30  per  cent  effects  an  important 
saving. 

A  number  of  such  ores  were  calcined  in  the  laboratory  by  roasting 
1 00-gram  samples  in  dishes  of  5-inch  diameter  at  800*^  C.  for  one  to 
two  hours.  The  roasted  samples,  on  standing  in  the  laboratory  for 
a  number  of  days,  did  not  take  up  moisture  and  carbon  dioxide  to 
any  serious  extent,  as  shown  by  the  figures  in  Table  36,  but  in  some 
samples  the  lime  slaked  vigorously  when  they  were  wetted  with 
water.  Therefore  such  calcined  ore  would  have  to  be  shipped  in 
closed  cars  to  keep  it  dry  and  prevent  its  increasing  in  weight  again. 
As  the  normal  condition  of  transportation  is  such  that  the  railroads 
prefer  loading  eastbound  zinc  ore  in  box  cars,  this  would  be  no  dis- 
advantage. 

The  figures  in  the  table  show  that  few  nonshipping  ores  would  bo 
raised  to  shipping  grade,  but  that  with  the  shipping  ores  important 
savings  in  freight  would  be  effected  and  a  slight  concentration  of  the 
zinc  value,  which  on  some  contracts  would  more  than  pay  for  the 
cost  of  calcining. 

The  analyses  of  these  ores  are  found  in  Table  3  (p.  21). 

a  Experimenters:  H.  J.  ICorgan,  H.  C.  Neeld,  and  W.  B.  Sholet. 
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Tabls  S^.—ResulU  of  calcining  oxidized  zinc  ora. 
[lOO-giam  lots  calcined  2  honrs  at  800*  0.] 


Before  heating. 

After  heating. 

Weight  at— 

Mine  and  sample. 

Zinc 

Lead. 

Ztnc. 

Lead. 

Begin- 
ning. 

7  days. 

12  days. 

16  days. 

Bnranf^An.  No.  1 ^ 

Percent. 
25.6 
8.0 
17.9 
9.0 
11.4 
12.0 

25.5 
31.6 
23.1 
23.3 
28.2 
9.3 
44.7 
20.0 

Percent. 
U.7 

Percent. 

31.4 

10.9 

22.0 

8.0 

n.4 

12.0 

30.5 
38.9 
26.7 
27.8 
38.0 
16.6 
47.7 
22.4 

Percent. 
11.0 

Granu. 
82.4 
83.4 
77.8 
84.9 
86.1 
85.5 

82.2 

76.5 
82.3 
'    T9.8 
77.9 
67.4 
92.0 
82.0 

Cfraimi. 
83.0 
84.5 
80.3 
84.9 
86.1 
85.5 

82.2 
76.8 
83.9 
T9.8 
80.6 
67.7 
92.0 
82.0 

Ormtu. 
83.7 
85.3 
81.3 
84.9 
86.1 
85.5 

83.3 
77.1 

85.1 
79.9 
83.1 
67.9 
92.0 
82.1 

Gram*. 

83.8 

flATAntAn.  No.2-- 

85.6 

Seranton.  No.  3 ........... 

81.8 

LiOwer  MAimnoth  No.  1 

84.9 

T../rarnr  MAmnnot.li    No.  2       

86.1 

Lower  Mammotby  No.  3 

Bullion  Coalition.  No.  13 

85.5 

82.4 

Yellow  Pine,  No.  1 

17.6 
13.9 
26.2 

18.0 
12.6 
29.2 

77.3 

Mav  Dav.  No.  4 

85.2 

Lake  View.  No.  104 

79.9 

Lake  View.  No.  106 

84.3 

Lake  View.  No.  107 

13.6 

17.0 

67.9 

BantJinnip  Kinir  . 

92.2 

Western  IHnins  Co 

82.1 

% 

IGNEOTTS  CONCENTB ATION.  a 

By  igneous  concentration  of  oxidized  zinc  ores  is  meant  that 
process  in  which  the  ore  is  mixed  with  an  excess  of  fuel  and  heated 
under  forced  draft  so  that  zinc  distills  out  of  the  ore  and  reoxidizes 
in  the  air  to  form  zinc  oxide  fume,  which  is  later  filtered  from  the 
flue  gases.  Most  of  the  commercial  zinc  oxide  in  the  United  States 
is  made  in  this  manner,  although  the  mechanical  equipment  used 
for  the  process  varies  widely.  The  increased  tise  of  zinc  oxide  in 
paints,  for  filling  rubber,  and  other  purposes,  make  this  process  of 
importance.  It  is  said  that  some  automobile  tires  contain  60  per  cent 
ZnO.  Further,  the  process  seems  to  offer  a  solution  of  the  problem 
of  treating  low-grade  oxidized  ores  of  zinc  which  are  amenable  to  no 
other  concentration  process. 

WETHERILL  ORATE  FURNACE. 

The  best  known  furnace  in  which  zinc  oxide  is  made  from  oxidized 
ores  is  the  WetherilP  grate  furnace,  which  is  built  much  like  the 
fire  box  under  a  large  stationary  boiler.  The  mixed  ore  and  fuel 
(coke  breeze  or  anthracite  coal  slack)  is  dropped  on  the  grates  in  a 
bed  4  inches  to  12  inches  deep.  The  air  is  blown  in  under  the  grates 
and  thus  keeps  them  relatively  cool.  The  ore  bed  is  heated  to 
1,100''  to  1,300®  C.  by  the  combustion  of  part  of  the  fuel;  at  this 
temperature  the  zinc  is  reduced  and  distilled  from  the  ore  particles 
but  reoxidizes  in  the  excess  of  air  which  is  blown  into  the  furnace. 
After  partial  cooling  of  the  gases  they  are  filtered  in  a  bag  house  to 
remove  the  fume  of  zinc  oxide.    The  grates  differ  somewhat  in 

a  Ezperimenten:  H.  C.  Neeld,  J.  F.  Cullen,  R.  H.  Bradford,  and  O.  C.  Ralston. 

»  Stone,  O.  C,  Oxide  of  xinc:  DulL  129,  Am.  Inst.  liln.  Eng.,  September,  1917,  pp.  1217-1228. 
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design,  some  being  hollow  and  filled  with  holes  from  which  the  air  is 
blown  into  the  mass,  and  others  being  like  ordinary  boiler  grates. 
In  nearly  all  of  them  the  air  openings  are  tapered,  with  the  largest 
diameter  at  the  bottom  in  order  to  prevent  blinding.  The  grates  are 
charged  and  discharged  by  hand,  so  that  the  cost  of  labor  involved 
is  rather  large.  In  addition  the  grates  tend  to  buckle  and  have  to  be 
removed  periodically  from  the  hot  furnaces  and  replaced  by  fresh 
grates.  The  buckled  members  are  heated  imiformly  in  a  special 
furnace  and  then  straightened. 

Another  type  of  furnace  used  is  very  similar  to  the  ordinary  zinc 
retort  furnace  except  that  an  air  pipe  is  led  to  the  back  of  each 
muffle  and  zinc  oxide  is  driven  ofp  instead  of  metallic  zinc.  This 
furnace  likewise  requires  much  hand  labor,  and,  being  a  retort  furnace, 
has  a  rather  high  fuel  consumption. 

A  rotary  cement  kiln  is  reported  to  have  been  used  as  a  furnace 
at  a  plant  in  Mexico,  The  ore  was  fed  continuously  into  the  cool 
end  and  discharged  at  the  hot  end,  and  a  reducing  atmosphere  was 
maintained.  This  distilled  all  the  zinc,  which  reoxidized  in  the  flue 
gases.  The  fuel  consumption  was  said  to  amount  to  about  15  per 
cent  of  fuel  oil  based  on  the  weight  of  the  charge.  This  method  has 
the  advantage  over  the  two  previously  described  methods  that  nil 
the  fuel  is  used  in  the  flame  that  heats  the  furnace,  so  that  a  reducing 
atmosphere  is  easily  obtained.  The  writers  have  not  been  informed 
whether  the  zinc  oxide  product  was  sufficiently  pure  for  use  as 
pigment.  However,  evidently  air  could  be  mixed  with  the  hot  gases 
in  a  combustion  chamber  at  the  head  of  the  kiln  in  order  that  all 
carbon  might  be  burned  and  the  zinc  oxidized  completely.  Rotary 
kilns  often  make  much  dust,  but  most  of  this  could  be  caught  in  a 
settling  chamber,  so  that  the  zinc  oxide  product  need  contain  no 
more  dust  than  that  made  on  Wetherill  grates.  For  making  pigment 
the  kiln  would  have  to  be  fired  with  either  oil  or  gas  and  not  with 
powdered  coal,  because  the  ash  would  contaminate  the  zinc  oxide. 
Ash  contamination  might  not  be  serious  if  the  purpose  was  to  make 
a  high-grade  concentrate  for  the  zinc  smelter  rather  than  pigment. 
The  only  disadvantage  of  this  type  of  furnace  for  igneous  concentra- 
tion of  zinc  ores  is  in  the  power  necessary  to  turn  a  heavy  kiln. 

A  blast  furnace  would  be  a  much  better  type  for  continuous  me- 
chanical feeding  and  firing,  and  would  use  most  of  the  power  for  the 
blast.  A  number  of  attempts  have  been  made"  to  blow  zinc  oxide 
in  blast  furnaces,  but  one  great  drawback  to  the  method  has  been 
that  a  slag  has  to  be  formed  to  facilitate  removal  of  the  residue. 
When  the  usual  types  of  slags  were  made  the  zinc  oxide  tended  to 

•  IngBlb,  W.  R.,  Zine  burning  ai  a  metotturglcal  prooen:  Boll.  12»,  Am.  Inst.  Mln.  Sng.,  September, 
1017,  pp.  122»-1234. 
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enter  the  slag  instead  of  entering  the  fume.  One  of  the  latest 
attempts  was  that  of  B.  D.  Divine  and  B.  F.  Hedges  to  recover  zinc 
in  a  lead  blast  furnace  at  the  old  South  Chicago  plant  of  the  Americaa 
Smelting  &  Refining  Co.'^  The  material  treated  was  a  zinciferous 
lead*smelting  slag.  Only  60  per  cent^of  the  zinc  could  be  blown 
before  the  slag  melted  and  ran  out  of  the  furnace.  A  similar  plant,^ 
making  similar  recoveries,  is  now  in  operation  at  Florence,  Colo. 

With  these  results  in  mind,  some  experiments  in  the  blast  furnace 
treatment  of  such  ores  were  made  at  the  Salt  Lake  City  station,  with 
the  object  of  blowing  more  of  the  zinc  into  the  fume,  if  possible.  A 
small  ^^ homemade"  blast  furnace  was  constructed  from  fire  brick 
and  sheet  iron,  as  shown  in  figure  10.  The  three  tuyeres  were  made 
of  iron  pipe,  and  as  they 
burned  oflE  they  were 
pushed  farther  into  the 
furnace.  The  pipes  lead- 
ing to  the  tuyferes  from 
the  air  main  were  made 
of  2-inch  canvas  hose, 
80  that  they  could  be 
pinched  down  till  the 
right  amount  of  air  was 
being  used.  The  fire- 
brick lining  of  the  fur- 
nace melted  away  several 
times  during  the  course 
of  about  25  runs,  but  was 
easily  replaced  and  served 
the  purpose,  although  a 
standard  water-jacketed 
lead  blast  furnace  would 
be  needed  for  large-scale  work.  The  inside  dimensions  of  this  furnace 
were  about  5i  feet  in  height,  1  foot  in  diameter  at  the  top,  and  18 
inches  in  diameter  at  the  bottom  to  prevent  hanging.  After  heating 
the  furnace  with  any  convenient  type  of  fuel  the  charges  were  added 
with  various  percentages  of  coke  fuel.  In  each  test  the  residue  was 
drained  out  of  the  furnace  before  another  charge  of  different  com- 
position was  used.  The  slag  analysis  served  as  an  index  of  the  com- 
pleteness of  volatilization  of  the  zinc  from  the  ore.  Under  these 
conditions  such  a  furnace  could  easily  melt  2  or  3  tons  of  ore  daily, 
although  it  was  not  run  continuously  for  more  than  a  few  hours,  a 

a  Palsifer,  H.  O.,  Zinc  oxide  from  lead  blast-fumaoe  slag,  South  Chicago:  Met.  and  Chem.  Eng.,  vol.  ]3» 
Noy.  1, 1915,  pp.  78»-785. 

6  Hall,  R.  a.,  Some  eoonomic  facton  in  the  prodnotlon  of  electrolytlo  dnc:  Bull.  129,  Am.  Inst.  Ifls. 
Eng.,  September,  1917,  pp.  1287-130e. 
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FiotTRE  10.— Laboratory  blast  fumaoe  used  for  linoKKdde  experi- 
ments, a,  Fire-brick  lining;  6,  sheet-iron  casing;  e,  If-inch 
iron  pipe;  ^,  2-inch  canvas  hose;  f,  slag  notch;  /,  fire-clay  plug. 
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wheel-barrow  load  being  used  to  a  charge,  and  only  in  the  daytime. 
On  that  account  the  fuel  consumption  is  doubtless  too  high,  varying 
from  25  to  33  per  cent  of  coke,  based  on  the  weight  of  the  ore. 

At  first  the  standard  lead-smelting  slags  containing  various  pro- 
portions of  iron,  silica,  and  lime  were  aimed  at,  but  the  recoveries  of 
zinc  were  low,  varying  from  10  to  50  per  cent.  Slags  so  calculated 
that  an  excess  of  one  of  the  slag-forming  constituents  over  the  others 
was  used  gave  much  better  results.  If  lime  or  silica  were  used  in 
excess,  80  to  95  per  cent  of  the  total  zinc  was  obtained,  but  the  slag 
had  a  much  higher  melting  point,  and  more  fuel  was  needed  to  make 
it  pass  from  the  furnace.  Presumably  the  use  of  slag  with  a  high 
melting  point  permits  all  the  zinc  to  distill  from  the  ore  before  the 
gangue  is  fluxed;  thus,  the  slag  has  no  opportunity  to  take  up 
zinc  oxide.  The  use  of  a  high  percentage  of  lime  might  well  be 
expected  chemically  to  displace  zinc  from  the  slag,  but  the  successful 
use  of  a  high  percentage  of  silica  can  be  explained  only  on  the 
assumption  that  the  formation  temperature  of  the  slag  is  raised 
above  the  boiling  point  of  zinc.  In  fact,  one  slag  containing  67  per 
cent  SiOa  was  formed  during  a  series  of  tests  with  increasing  amounts 
of  silica.  This  slag  was  so  sticky  that  the  tap  hole  had  to  be  drilled 
and  the  slag  removed  by  "balling"  on  the  end  of  a  cold  iron  rod 
thrust  through  the  hole. 

The  results  of  some  of  the^e  tests  are  tabulated  in  Table  37. 
Recoveries  were  low  with  the  high-iron  slags,  but  good  recoveries 
were  obtained  with  the  high-lime,  high-silica,  or  high-alumina  slags. 
Slags  which  are  imusual  in  lead,  copper,  or  iron  blast-furnace  work 
were  formed  in  this  small  furnace  and  removed  with  very  little 
trouble.  The  small  size  of  the  furnace  permitted  quick  adjustment 
of  the  air  blast  when  the  slag  seemed  in  danger  of  sticking;  also 
sticky  slag  could  be  removed  by  balling  whenever  the  furnace  was 
freezing.  However,  the  slag  need  not  be  xmbalanced  to  the  danger 
point  in  order  to  get  as  much  as  85  per  cent  recovery  of  the  zinc. 

Table  37. — Results  of  igneous  concentration  of  oxidized  zinc  ore  in  a  small  blastfurnace. 


Slag  analysis. 

Zinc 

Remarks. 

recovery. 

SiO,. 

CaO. 

FeO. 

Al,08. 

Zn. 

Per  cent. 

Percent. 

Percent, 

Percent. 

Per  cent. 

Percent, 

34.0 

15.0 
14.4 

30.0 
17.9 

10.0 
6.4 

60 
67 

Charge  finely  crushed;  slag  fluid. 
Slag  ran  freely. 

46.2 

12.6* 

42.0 

19.0 

21.0 

8.0 

4.6 

76 

♦ 

30.0 

24.0 

15.0 

8.4 

6.4 

73 

Slag  very  fluid. 

80.0 

26.0 

13.0 

7.0 

5.0 

76 

35.4 

34.7 

15.0 

6.9 

4.7 

83 

40.0 

26.9 

13.7 

11.6 

6.0 

74 

60.0 

29.8 

9.0 

8.1 

2.5 

88 

61.4 

17.8 

13.4 

12.2 

2.5 

88 

48.0 

10.0 

11.0 

15.0 

2.4 

85 

62.0 

13.0 

12.0 

18.0 

1.7 

84 

67.0 

6.2 

Il.O 

16.9 

•3.5 

60 

Furnace  frose. 
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Some  of  the  most  difficult  zinc  ores  to  handle  bj  present  com- 
mercial methods  are  the  partly  oxidized  ores  in  which  only  tho 
sulphide  of  zinc  can  be  concentrated.  The  results  of  four  tests  of 
oxidized  ores  containing  some  zinc  sulphide  are  recorded  in  Table 
38.  These  indicate  that  the  presence  of  as  much  as  10  per  cent 
sulphur  does  not  affect  the  zinc  recovery.  The  ore  used  was  from  the 
Daly-Judge  mine  at  Park  City,  Utah,  and  in  addition  to  zinc  sulphide 
also  contained  sulphide  of  lead.  No  lead  collected  in  the  bottom  of 
the  furnace,  and  the  final  slag  contained  only  traces  of  that  metal; 
consequently,  the  lead  went  into  the  zinc  oxide  and  the  product 
made  woidd  be  a  "leaded"  pigment.  A  serious  drawback  to  making 
pigment  from  such  ore  by  this  method  is  the  formation  of  sulphur 
compounds,  which  contaminate  the  product.  On  the  other  hand, 
in  making  a  zinc  concentrate,  the  presence  of  lead  in  the  product 
would  be  a  disadvantage.  Hence,  for  making  pigment,  a  prelimijiaiy 
roasting  to  drive  off  the  sulphur  before  igneous  concentration 
might  be  necessary,  whereas  if  the  product  were  sold  as  zinc  concen- 
trate, the  smelter  would  not  pay  full  value  for  the  zinc  on  account 
of  the  lead  present. 

Some  explanation  of  the  figures  in  Table  38  is  necessary.  In 
all  these  tests  the  zinc  assays  were  obtaiaed  by  decomposing  the  slag 
samples  with  a  mixture  of  nitric  and  hydrochloric  acids,  followed 
by  the  use  of  hydrofluoric  acid  to  break  up  ferrates  of  zinc.  However, 
only  hydrochloric  and  nitric  acids  were  used  in  determining  the 
"insoluble",  which  is  not  the  "absolute  silica;"  hence,  the  slag 
analyses  are  largely  of  comparative  value  only. 

Table  38. — Results  of  igneous  concentration  of  low-grade  sulphide  ores  of  lead  and  rine 

in  a  small  blastfurnace. 


Slag  analysis. 

Sulphur 
content 

of 
charge. 

Zlno  re- 
ooTery. 

Remarks. 

iDfloIable. 

GaO. 

FaO. 

A1«0^ 

Zn. 

Per  cent. 
85.0 
87.0 
67.6 
91.0 

Per  cent. 

3.6 

3.0 

11.0 

3.0 

Percent. 
6.3 
3.7 
8.7 
7.8 

Percent. 
3.4 
8.0 
8.3 

Percent. 
1.0 
3.0 
1.7 
1.0 

Percent. 

11.4 

8.6 

8.6 

&5 

Per  cent. 
88 
81 
87 
90 

Furnace  froce. 

Slai;  remoTed  with  bar. 

Do. 

Do. 

The  oxporionco  of  the  River  Smelting  Co.,  at  Florence,  Colo.,  as 
mentioned  previously,  has  been  that  in  smelting  zinc  ore  in  a  blast 
furnace  accretions  of  zinc  oxide  and  "blue  powder"  tend  to  form 
on  the  walls  of  the  furnace  above  the  smelting  zone.  Such  masses 
are  so  hard  to  bar  down  while  the  furnace  is  running  that  the 
practice  is  to  shut  down  the  furnace  every  ten  days  or  so  for  remov- 
ing the  accretions.  This  method  is,  consequently^  rather  more 
expensive  than  is  desirable.  The  tests  at  the  Salt  Lake  City  station 
wore  not  sufficiently  extended  to  observe  this  trouble. 
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la  order  to  obtain,  an  idea  of  the  composition  of  the  zinc  oxide 
product  and  its  physical  characteristics,  several  methods  were  used 
in  collecting  it.  A  wire  screen  placed  across  the  throat  of  the  blast 
furnace  collected  material  that  contained  only  about  67  per  cent 
zinc  and  was  contaminated  with  flue  dust.  A  stream  of  the  furnace 
gases  by-passed  through  a  cold  pipe  dropped  part  of  its  load  as 
a  73  per  cent  zinc  product.  Gases  from  the  discharge  of  the  blast 
furuace  sucked  through  an  electrical  precipitator  comprising  a  single 
4-inch  iron  pipe  to  which  was  applied  18,000  volts,  could  be  almost 
entirely  cleared  at]  velocities  ranging  up  to  18  feet  per  second, 
although  most  of  the  time  a  rate  of  not  more  than  10  feet  per  second 
was  maintained.  The  product,  a  fluffy  white  material  containing 
77.6  per  cent  zinc,  had  a  slight  bluish -tint,  possibly  due  to  the 
presence  of  small  amoxmts  of  carbon  or  of  some  imoxidized  zinc 
(blue  powder).  There  seems  to  be  no  reason  why  this  product 
could  not  be  used  for  pigment. 

The  value  of  the  igneous  concentration  method  for  concentrating 
low-grade  oxidized  ores  of  zinc  may  be  estimated  from  the  following 
two  representative  contracts,  which  are  commonly  possible  in  the 
marketing  of  oxidized  zinc  ores  in  Utah.  With  these  two  contracts 
as  a  basis  the  possible  profits  from  a  plant  using  the  process  have  been 
calculated. 

Oxidized  zinc  ores  are  sold  at  prices  calculated  on  base  prices  for 
35  per  cent  zinc  ore  deUvered  at  the  smelter.  The  base  prices  for  35 
per  cent  zinc  ore  are  as  follows:  $17  a  ton  when  spelter  is  5  cents  per 
poimd,  $29  when  spelter  is  8  cents,  and  $50  when  spelter  is  15  cents. 
The  base  price  changes  $3  per  ton  for  every  change  of  1  cent  per 
pound  in  the  price  of  spelter  between  8  cents  and  15  cents,  and  $4  for 
every  change  of  1  cent  in  price  between  5  cents  and  8  cents.  For  ore 
containing  less  than  35  per  cent  zinc,  a  penalty  of  $2.50  per  unit 
is  charged  for  each  1  per  cent  deficiency  in  zinc  as  far  as  30  per  cent, 
and  $2  per  unit  for  each  deficiency  of  1  per  cent  below  30  per  cent 
zinc  content.  A  credit  of  $1  per  imit  is  allowed  for  each  1  per  cent 
of  zinc  the  ore  contains  in  excess  of  35  per  cent.  The  freight  rate 
to  the  "gas  belt"  where  the  zinc  ores  are  smelted  is  $7.50  per  ton 
of  ore. 

From  these  figures  the  net  values  of  oxidized  zinc  ores  in  Salt 
Lake  City  have  been  calculated  and  plotted  as  shown  in  figure  11. 
It  can  be  seen  that  with  normal  5-cent  spelter  the  lowest  grade  of 
ore  which  can  be  shipped  from  Salt  Lake  City  to  the  ''gas  belt''  is  about 
31.5  per  cent  zinc  ore.  With  spelter  at  8  cents  the  lowest  grade 
possible  is  26.2  per  cent  zinc  ore.  Contracts  vary  somewhat,  so 
that  the  minimum  zinc  content  for  different  contracts  may  vary 
2  or  3  per  cent  zinc  in  either  direction  from  the  figures  given. 
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For  the  sale  of  zinc  oxide  concentrate  the  scale  of  ore  values 
given  might  be  used  in  calculating  the  value  of  the  product.  The 
net  value  in  Salt  Lake  City  of  such  concentrate  for  different  per- 
centages of  zinc  and  for  different  market  prices  of  spelter  has  been 
calculated  and  plotted  on  the  solid-line  curves  in  figure  12.    As 

the  credit  for  each  extra  unit 
of  zinc  above  35  per  cent  zinc 
is  only  $1,  even  when  spelter 
is  selling  at  10  cents,  the  con- 
tract price  for  the  zinc  oxide 
when  spelter  is  selling  at  7 
cents  or  better  is  too  low. 

A  better  offer  is  one  made 
tentatively  by  a  zinc-smelting 
company  which  said  it  was 
willing  to  pay  for  a  ton  of 
zinc  oxide  product  containing 
75  per  cent  zinc  a  base  price 
of  48.75  per  cent  of  the  price 
of  a  ton  of  spelter  on  the  day 
of  sale.  Thus  an  80  per  cent 
zinc  product  would  bring 
80/75  of  the  base  price  and  a 
70  per  cent  zinc  product,  70/75 
of  the  base  price.  The  valua 
under  these  terms  of  zinc  oxide 
concentrate  for  varying  con- 
ditions is  also  plotted  in  figure 
12  for  comparison  with  the 
rates  paid  under  the  ore  con- 
tract mentioned.  A  compari- 
son of  the  sale  prices  of  zinc 
oxide  under  these  two  con- 
tracts shows  that  with  5-cent 
spelter  the  ore  contract  offers 
the  best  price,  but  with  spelter 
at  7  cents  or  more  the  oxide 
contract  offers  the  best  price. 
In  fact,  the  difference  between 
the  two  contracts  is  so  marked 
that  careful  arrangements  would  have  to  be  made  in  regard  to  the 
sale  of  the  zinc  oxide  before  commercial  production  by  the  process 
proposed  could  be  undertaken.  The  zinc  smelting  company  making 
the  offer  mentioned  wished  to  have  a  trial  carload  of  the  oxide 
product  before  it  would  dose  the  contract,  and  thus  might  bid  lower 
or  the  next  car. 
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ZINC  CONTENT  OF  ORB,  PER  CENT. 

Fioxms  11.— Curves  showing  net  smelter  prices  for  oxi- 
dized dnc  ores  at  Salt  I^ake  City,  for  ores  of  varying  tine 
content.  Figure  near  each  curve  shows  price  in  cents 
per  pound  for  spelter  based  on  "35  per  cent  dnc"  ore. 
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If  the  oxide  product  were  acceptable  as  pigment,  as  it  should  be, 
it  would  probably  bring  a  higher  price  than  is  shown  by  either  of 
the  two  methods  used,  but  this  consideration  was  eliminated  in 
making  the  calculations,  in  order  to  show  only  the  minimum  possible 
returns. 

The  cost  of  a  plant  for  making  zinc  oxide  product  would,  of  course, 
be  dependent  on  the  daily  tonnage  of  ore  proposed  to  be  treated.  On 
the  supposition  that  anyone  interested  in  this  type  of  plant  would 
first  be  concerned  in  building  a  small  imit  in  order  that  every  doubt- 
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ZINC  IN  "OXIDE"  CONCENTRATE,  PER  CENT. 


Figure  12. — Curves  showing  change  in  value  of  zinc  oxide  concentrate  with  varying  einc  content.  Solid- 
Une  curves  are  based  on  "ore"  contract;  dotted-Iine  curves  on  "zinc  oxide"  contract.  Figure  near  each 
curve  shows  price  in  cents  per  pound  for  si)elter  based  on  "35  per  cent  zinc"  ore. 


ful  point  might  be  tested  out,  the  necessary  data  for  estimating  the 
cost  of  a  plant  capable  of  treating  25  tons  of  ore  per  24  hours  is  pre- 
sented. The  two  most  important  figures  that  need  to  be  known  in 
order  to  design  such  a  plant  are  the  volume  of  air  used  and  the  rate 
of  cooling  of  the  hot  gases.  The  figures  chosen  represent  the  aver- 
age amoxmt  of  air  commonly  used  in  lead  blast  furnaces  when  they 
are  run  with  hot  tops,  and  the  average  rate  of  cooling  of  gases  in 
iron  flues  at  a  number  of  smelters.  Thus  the  assumption  is  made 
that  200  cubic  feet  of  air  per  minute  is  needed  per  square  foot  of 
furnace  area  measured  at  the  tuydres,  and  that  each  square  foot  of 

SeiQS'*— 19— Bull.  168 8 
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cooling  pipe  would  radiate  0.025  B.  t.  u.  from  the  gases.  A  rough 
sketch  of  the  plant  necessary  (not  drawn  to  scale)  is  shown  in  figure 
13.    The  itemized  costs  of  construction  are  as  follows: 

Cost  of  a  25'Um  plant  for  igneous  concentration  of  zinc  ores. 

One  42-iiich  blast  furnace $1, 500 

900  feet  of  cooling  pipe,  30  inches  in  diameter 4, 000 

Two  Bnfialo  blowers,  No.  7  size 800 

One  7  by  10  inch  Blake  crusher 500 

Two  Prinz  Rau  bag  houses,  No.  143  size 1, 500 

One  brick-dust  chamber 500 

Supports  for  pipe 400 

Connections  to  furnace 200 

90-horsepower  motor 1,000 

Lumber 500 

Buildings 1,600 

Concrete 400 

Supplies,  etc 1, 800 

Labor  and  erection 3, 000 

Freight  and  miscellaneous. .  .^ 3, 300 

Total  approximate  cost 21, 000 

The  furnace  chosen  could  easily  handle  twice  the  estimated 
amoimt  of  ore  hy  increasing  the  hlowing  equipment  and  the  faciUties 
for  handling  the  slag.  The  crushing  equipment  is  ample  for  50  tons 
daily,  and  the  only  feature  that  would  have  to  he  altered  much  for 
increasing  the  plant  to  this  capacity  would  be  the  length  or  size  of 
the  cooling  flue  and  the  bag  house.  The  difference  in  cost  for  a  50- 
ton  plant  would  probably  not  exceed  $5,000.  However,  all  the  cal- 
culations have  been  for  a  25-ton  plant,  in  order  that  a  rough  idea 
could  be  obtained  of  the  cost  of  producing  a  ton  of  zinc-oxide  con- 
centrate. 

On  the  assumptions  that  only  80  per  cent  of  the  zinc  will  be 
recovered, .  that  ^e  product  will  contain  75  per  cent  zinc,  that  25 
per  cent  of  coke  on  the  weight  of  the  ore  will  be  necessary,  and  that 
lime  rock  can  be  quarried  in  the  vicinity  of  the  plant  and  delivered 
for  $1.50  per  ton,  the  cost  per  ton  of  ore  of  treatment  in  the  25-ton 
plant  will  be  as  shown  in  Table  39  and  plotted  in  figures  14  and  15. 
The  daily  cost  of  operating  the  plant  will  be  as  follows: 

Daily  cost  of  operating  25-ton  plant. 

Cost  per  day. 

Depreciation,  at  20  per  cent $12. 00 

Labor,  13  men 48. 00 

Power,  70  horsepower,  at  2  cents  per  horsepower  hour 35. 00 

Flux,  cooling  water,  etc 8. 00 

Coke,  6  tons,  at  $8 48.00 

Total  metallurgical  cost 16L  00 

Mining,  at  $2.50  per  ton 62.50 

Total,  mining  and  metallurgical 213. 50 

Total  cost  per  ton 8. 55 
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Table  39. — CosU  and  profits  of  a  t5-Um  zinc  oxide  plant. 

(Cost  per  ton  of  ore,  based  on  80  per  cent  recovery,  75  per  cmt  sine  in  product,  f7.50  per  ton  of  sine 

oxide,  and  freight  to  ''gas  belt."] 


Spelter, 
cents  per 

Zinc  in 
ore  (per 

Metal- 
lurgical 

Mining 
cost. 

Freight 
onZnO. 

Total 
cost. 

On  oxide  contract. 

On  ore  contract. 

Net 

pound. 

cent). 

cost. 

Value  of 

profit 

Value  of 

Net 

ZnO. 

per  ton 
of  ore. 

ZnO. 

profit. 

5 

10 

$6.05 

12.50 

10.75 

19.30 

$4.90 

Loss. 

$5.70 

Loss. 

5 

15 

6.05 

2.50 

1.12 

9.67 

7.30 

Loss. 

8.55 

Less. 

5 

20 

6.05 

2.50 

1.50 

10.05 

9.80 

Loss. 

11.40 

$1.35 

5 

25 

6.05 

2.50 

1.87 

10.42 

12.20 

$1.78 

14.25 

8.83 

30 

6.05 

2.50 

2.25 

10.80 

14.60 

3.80 

17.10 

6.30 

35 

6.05 

2.50 

2.62 

11.17 

17.10 

5.93 

19.95 

8.78 

10 

6.05 

2.50 

.75 

9.30 

6.80 

Loss. 

6.50 

Loss. 

15 

6.05 

2.50 

1.12 

9.67 

10.25 

.58 

9.75 

.08 

20 

6.06 

2.50 

1.50 

10.05 

13.65 

3.60 

13.00 

2.95 

25 

6.05 

2.50 

1.87 

10.42 

17.10 

6.68 

16.25 

5.83 

30 

6.05 

2.50 

2.25 

10.80 

20.50 

9.70 

19.50 

8.70 

35 

6.05 

2.50 

2.62 

11.17 

23.90 

12.73 

22.75 

11.58 

9 

10 

6.05 

2.50 

.75 

9.30 

8,75 

Loss. 

7.20 

Loss. 

9 

15 

6.05 

2.50 

1.12 

9.67 

13.15 

3.48 

10.80 

1.13 

9 

20 

6.05 

2.50 

1.50 

10.05 

17.50 

7.46 

14.40 

4.35 

9 

25 

6.05 

2.50 

1.87 

10.42 

21.90 

11.48 

18.00 

7.58 

9 

30 

6.05 

2.50 

2.25 

10.80. 

26.30 

15.50 

21.60 

10.80 

9 

35 

6.05 

2.50 

2.62 

11.17 

30.70 

19.53 

25.20 

14.03 
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FioxTBE  14.— Curves  showing  cost  per  ton  of  ore  of  operating  a  25-ton  igneous  concentration  plant,  9sA 
returns  as  calculated  from  "ore  "  contract.  Curves  a,  6,  and  c  show  value  of  sine  oxide  product  and  <2, c, 
and/  the  net  profit  per  ton  with  spelter  at  5,  7,  and  9  cents  per  pound,  respectively.  Metallurgica]  cost 
estimated  at  $6.06  and  mining  cost  at  $2.50  per  ton;  frel^^t  on  dno  oxide  product  variable. 
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For  a  similar  plant  treating  50  tons  daily  the  expenses  per  ton  of 
ore  would  be  less.  The  original  cost  of  the  plant  would  not  be 
much  greater  than  for  a  25-ton  plant,  and  the  amount  of  labor  would 
be  only  slightly  greater  than,  for  the  25-ton  plant.  Likewise  the 
power  bill  would  not  be  much  larger,  and  the  only  item  that  is  rela- 


86 

"" 

r- 

,_ 

_^ 

7 

r~— 

-V 

7 

_ 

^ 

A 

^ 

T^ 

30 

L/ 

r 

^ 

.^u 

7 

.^ 

^ 

. 

J 

/^ 

7'l 

p: 
o 

J 

r 

Z' 

> 

r 

c 

/ 

^ 

A 

7 

< 

^ 

• 

/ 

^ 

,''l 

o 

/ 

,  ^ 

^ 

J 

/ 

y 

/^ 

^ 

O     20 

> 

/ 

- 

/ 

.iC 

• 

^ 

(< 

> 

/ 

6 

^ 

y 

^ 

?1 

^ 

ca 

J 

r 

^ 

^ 

/ 

^ 

^ 

_i 

^ 

^ 

i*^ 

3  " 

^^ 

P" 

^ 

^ 

■ 

4 

^ 

*»• 

z 

■-1 

4 

y^ 

^ 

^ 

O 
Q 

A 

7 

^ 

o 

^ 

f 

4 

> 

"^ 

■^ 

A 

y 

^ 

;^ 

^ 

4 
■* 

> 

^ 
^ 

~^ 

> 

T 

> 

•^ 

^ 

X 

? 

^ 

p 

' 

10 

y 

ir 

y 

^ 

^ 

^ 

J^ 

r^ 

> 

y 

"^ 

X 

^ 

r 

» 

r~\ 

^ 

^- 

:?^ 

i 

» 

* 

— 1 

7^ 

-y> 

lA— 

/ 

^ 

X 

^* 

» ^ 

■•"1 

^1 

^ 

' 

« 

^^ 

6 

2 

^ 

^ 

^ 

?^ 

^ 

■'' 

I 

» 

4 

» 

^ 

^' 

• 

^ 

^ 

» " 

— 1 

; — 

4 

1 

rf, 

.* 

* 

^ 

d 

> 

1 

> 

• 

> 

^ 

^ 

1^^ 

«^ 

15  20  25  30  35 

ZINC  CONTENT  OF  ORE,  PER  CENT. 


40 


FiQUBE  15. — Curves  showing  cost  per  ton  of  oro  of  operating  a  25-ton  igneous  oonoentration  jdant,  and 
retonu  as  calculated  from  "zinc  oxide"  contract.  Curves  a,  b,  and  c  show  value  of  sine  oxide  product 
and  d,  tf  and/  the  net  profit  with  spelter  at  5,  7,  and  0  cents  a  pound,  resx>ectively.  Metallurgical  cost 
is  estimated  at  S6.05  and  mining  cost  at  $2.50  per  ton  of  ore;  freight  on  zinc  oxide  product  variable. 

tively  fixed  per  ton  of  ore  is  that  of  fuel.  This  makes  a  probable 
metallurgical  cost  of  $4.80  per  ton  of  ore.  Mining  on  this  scale 
could  probably  be  done  for  $2  per  ton  in  oxidized  deposits  near  the 
surface,  whereas  freight  on  the  zinc-oxide  product  would  be  the 
same  as  in  the  former  calculations.  Thus  the  returns  from  a  50-toa 
plant  would  be  larger,  as  shown  in  Table  40  and  figures  16  and  17. 
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Tablb  40. — Costa  and  profits  of  a  50-ton  zinc  oxide  plant, 

[Cost  per  tan  of  ore,  baaed  on  80  per  cent  recovenr.  75  per  cent  tino  in  product,  f7.60  per  ton  of  iloo 

oxide,  and  freight  to  "gas  belt."] 


\ 

Oxide  contract. 

Ore  contract. 

Spelter, 

cents  per 

pound. 

Zinc  in 

ore,  per 

cent. 

Total  cost 
per  ton. 

Value  of 

Profit  per 

Value  of 

Profit  per 

ZnO. 

ton  of  ore. 

ZnO. 

ton  of  ore. 

5 

10 

87.55 

$4.90 

Loss. 

$5.70 

Loss. 

5 

16 

7.92 

7.30 

Loss. 

8.55 

10.  C3 

5 

20 

8.30 

9.80 

11.50 

n.40 

3.10 

5 

25 

8.67 

12.20 

3.53 

11.25 

5.58 

5 

30 

9.05 

14.60 

5.55 

17.10 

8.05 

5 

85 

0.42 

17.10 

7.68 

19.95 

ia53 

7 

10 

7.55 

6.80 

Loss. 

6.50 

Loss. 

7 

16 

7.92 

10.25 

2.33 

9.75 

1.83 

7 

20 

8.30 

13.65 

5.35 

13.00 

4.70 

7 

25 

8.67 

17.10 

8.43 

16.25 

7.58 

7 

80 

9.05 

20.50 

1L45 

19.50 

10.45 

7 

85 

9.42 

23.90 

14.48 

22.75 

13.33 

0 

10 

7.55 

8.75 

1.20 

7.20 

Loss. 

9 

15 

7.92 

13.15 

5.23 

10.80 

2.02 

9 

20 

8.30 

17:60 

9.20 

14.40 

6.10 

9 

25 

8.67 

21.00 

13.23 

18.00 

9.33 

9 

30 

9.06 

26.80 

17.25 

21.60 

12.55 

9 

35 

9.42 

30.70 

21.28 

25.20 

15.78 
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ItOUSB  16.— Curves  showing  cost  per  ton  of  ore  of  operating  a  50-ton  igneous  concentration  plant,  and 
returns  based  on  "ore"  contract.  Curves  a,  b,  and  c  show  value  of  sine  oxide  product,  and  d,  e,  and/ 
the  net  profit  with  spelter  at  5,  7,  and  9  cents,  respoctivcly.  Metallurgical  cost  is  estimated  at  16^ 
and  mining  cost  at  82.60  per  ton;  freight  on  product  variable. 
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Both  sets  of  calculations  show  that  the  returns  depend  largely  on 
the  kind  of  contract  obtained  for  the  sale  of  the  zinc  oxide. 

By  comparing  the  curves  for  the  value  of  the  crude  ore,  as  meas- 
ured by  the  smelter  contract,  with  those  for  the  returns  possible  from 
igneous  concentration,  it  can  be  seen  that  ore  of  about  35  per  cent 
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^OURB  17. — Curves  showing  cost  per  ton  of  ore  of  operating  a  50-ton  igneous  concentration  plant,  and 
returns  as  calculated  from  ''dnc  oxide"  contract.  Curves  a,  b,  and  c  show  value  of  zinc  oxide  product 
and  d, «,  and/  the  net  profit  with  spelter  at  5, 7,  and  9  cents,  respectively.  Metallurgical  cost  is  estimated 
at  16.05  and  mining  cost  at  12.50  per  ton  of  ore;  freight  on  product  variable. 

zinc  content  brings  about  as  much  per  ton  either  way,  but  that  all 
lower  grades  of  oxidized  zinc  ores  (in  the  zinc  districts  of  Utah  or 
similarly  situated  loci^lities)  can  be  made  to  yield  a  greater  profit  by 
Igneous  concentration.  This  was  the  conclusion  sought  in  doing  the 
work  described. 
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SPECIAL  BOASTIirO  PROCESSES  FOR  OXIDIZED  ZIITC  ORES.'' 

At  the  Salt  Lake  City  station  several  laboratory  experiments  have 
been  made  m  the  attempt  to  find  some  cheap  reagent  for  obtaining 
soluble  zinc  compounds  from  oxidized  ores  of  zinc  without  much 
success. 

Chloridizmg  roasts  with  sodium  chloride  showed  that  it  was  almost 
impossible  to  chloridize  all  the  zinc  to  soluble  form  at  temperatures 
ranging  from  500®  C.  to  as  high  as  1,000®  C.  Both  oxidizing  and 
reducmg  atmospheres  and  reverberatory  furnaces  as  weU  as  blast 
roasters,  were  used. 

In  blast  roasting  not  more  than  25  per  cent  of  the  total  zinc  in  the 
ore  could  be  consistently  either  chloridized  and  leached,  or  volatilized, 
although  erratic  results  giving  recoveries  as  high  as  50  per  cent  of  the 
zinc  were  obtained.  The  presence  of  pyrite  or  other  sulphides  to  pro- 
vide sulphur  for  aiding  the  chloridizing  reactions  seemed  to  improve 
matters  very  Uttle.  So  far  as  the  authors  know  there  is  no  easy  way 
of  consistently  chloridizing  oxidixed  zinc  ores  with  sodium  chloride  or 
with  combinations  of  sodium  chloride  and  pyrite  in  any  type  of  roaster. 

The  mixing  of  sulphide  ores  of  zinc  with  oxidized  ores,  in  the  hope  that 
the  zinc  could  be  sulphated  by  slow  blast  roasting,  also  gave  low  results, 
as  not  more  than  a  third  of  the  zinc  could  be  made  water-soluble. 

Chloridizing  volatilization  involves  mixing  the  ore  with  sodium 
chloride,  or  other  chlorides,  and  heating  to  a  high  enough  temperature 
to  drive  oflf  fumes  of  zinc  chloride.  Reverberatory  or  kiln  roasters 
must  be  used.  Eesults  with  this  method  were  erratic,  although 
higher  recoveries  could  be  obtained  than  were  possible  in  the  blast 
roaster.  As  much  as  75  per  cent  of  the  zinc  in  the  ore  could  be 
consistently  recovered  if  special  precautions  were  taken.  The 
presence  of  sulphides,  such  as  pyrite,  evidently  had  no  beneficial 
effect  on  the  reaction,  but  the  addition  of  manganese  dioxide  and  the 
sulphates  of  sodium  and  calcium  seemed  to  be  aids  in  maintaining 
good  recoveries.  In  almost  none  of  the  tests  was  more  than  75 
per  cent  of  the  zinc  obtained. 

Other  roasting  processes,  incidental  to  some  of  the  leaching  tests 
reported  in  subsequent  chapters,  are  discussed  in  that  connection. 

HTDR0METALLT7RQ7  OF  OXIDIZED  ZINC   ORES.^ 

The  oxidized  ores  of  zinc  have  often  been  regarded  as  being  the 
most  desirable  zinc  ores  for  hydrometallurgical  treatment  because 
they  contain  the  zinc  in  an  easily  soluble  form.  The  zinc  in  oxidized 
ores  is  usually  present  as  either  the  carbonate  or  the  silicate,  both  of 
which  are  easily  soluble  in  weak  acids.     Hence  many  people,  espe- 

a  Experimenter:  C.  L.  Larson. 

b  Experimenters:  J.  F.  Cullen,  W.  G.  Woolf,  A.  E.  Oartslde,  H.  C.  Neeld,  O.  E.  Young,  C.  W.  Frith, 
R  J.  Uinman,  ana  O.  C.  Ralston. 
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cially  patentees,  have  claimed  that  the  hydrometallurgical  treatment 
of  such  ores  presents  no  especial  problem.  The  experience  of  the 
writers  has  been  to  the  contrary  and  the  number  of  difficulties  encoim- 
tered  in  the  treatment  of  these  ores  has  been  somewhat  surprising. 

Most  of  the  western  oxidized  zinc  ores  are  replacement  deposits 
in  dolomite  or  limestone,  and  as  a  rule  consume  large  quantities  of 
acid  when  acid  leaching  is  attempted.  Furthermore,  such  ores  nearly 
alwa3rs  contain  a  considerable  amount  of  zinc  silicate,  which  forms 
silicic  acid  when  the  ore  is  leached  with  weak  acid  solutions.  This 
silicic  acid  turns  to  jelly  when  the  solutions  are  neutralized,  causing 
difficulty  in  the  filtration  of  the  ore  pulp. 

At  the  Salt  Lake  City  station  leaching  tests  were  made  with  sul- 
phuric, hydrochloric,  sulphurous,  and  hydrofluosilicic  acids.  In  every 
test  the  lime,  magnesia,  and  other  carbonates  accompanying  the  zinc 
caused  high  acid  consimiptions.  On  that  account  alkaline  leaching 
solutions  were  tried;  also  caustic  soda  and  ammoniacal  solutions  of 
various  kinds. 

ACID  EFFICIEXCT. 

When  an  ore  is  treated  with  an  acid  for  the  purpose  of  recovering 
a  metal  such  as  zinc,  the  acid  can  not  be  regarded  as  doing  useful 
work  if  it  reacts  with  any  other  metals  present.  Hence  the  "effi- 
ciency" of  the  acid  is  the  percentage  of  the  total  quantity  of  acid 
consumed  that  is  actually  used  in  dissolving  the  metal  sought.  The 
object  of  the  first  experiments  was  to  compare  the  properties  of 
sulphuric  and  hydrochloric  acids  in  leaching  a  mixed  zinc-lime  carbon- 
ate ore.  It  was  thought  that  a  dilute  solution  of  sulphuric  acid 
might  tend  to  coat  the  calcium  carbonate  particles  with  calcium 
sulphate,  .so  that  the  acid  would  have  a  better  chance  to  attack  the 
zinc  minerals  and  thus  be  more  efficient  than  hydrochloric  acid. 

The  ore  tested  was  from  the  May  Day  mine,  of  Eureka,  Utah,  and 
was  numbered  May  Day  No.  2.  An  analysis  is  shown  in  Table  3  (p. 
21)^  This  ore  contained  1 2 .96  per  cent  CaO  and  15.7  per  cent  Zn,  with 
practically  no  other  acid-soluble  constituents,  except  a  small  propor- 
tion of  hydrated  iron  oxides.  It  was  found  that  practically  no  iron 
went  into  solution  imtil  the  zinc  and  calcium  minerals  had  reacted 
with  the  acid.     Several  series  of  leaches  were  made  with  this  ore. 

LEACHES   WITH   WEAK   ACID   SOLUTIONS. 

In  the  first  series  successive  additions  of  acid  were  made  in  order 
to  leach  the  zinc  in  successive  fractions.  The  efficiency  of  the  acid 
and  the  percentage  extraction  of  the  zinc  were  determined  after  each 
addition  of  acid  had  had  time  to  react.  In  each  te^t  the  ore  had  been 
ground  to  pass  a  150-mesh  screen,  and  was  leached  for  16  hours  to 
insure  complete  reaction.  The  ore  and  the  dilute  acid  were  agitated 
in  small  bottles  on  a  roller-agitator  designed  for  laboratory  testing. 
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The  results  are  ^own  by  the  curves  iu  %ures  IS  and  19.    The 

curves  indicate  that  sulphuric  acid  has  a  higher  efficiency,  but  the  hy- 

drochloric  acid  gives  a  higher 

B  recovery  of   the  zinc,  poimd 

hh    ^  for  pound  of  acid  used.     As 

ag   ^  hydrochloric  acid  has  a  lower 

■<^  molecular   weight    than  sul- 

|£    *"  phuric  acid,  a  pound  of  the 

g      30  formershould  theoretically  do 

h      Q  more  work  than  a  pound  of 

X  X  X  X       the  latter,  which  is  in  agree- 

=  S  s      ment  with  the  observed  re- 

ACID  PER  TON  OF  OHE,  POUNDS. 

It  weak  aciila  In     SUlts.       If    the  CUTVCS  lOr.peT- 

centagei  extraction  of  zinc  are 
plotted  with  moles  (molecular  z   loo 
weights)  of  acid  in  place  of  ^  ■  go 
pounds  of  acid  per  ton  of  ore,   ©w 
it  is  found    that    the    work  o"  *" 
done    by    the    two   acids   is   |g  « 
identical — that  one  molecule  §o; 
of   hydrochloric    acid    does  » 
exactly  the  same  amount  of  o 

chemical  work   in    leaching 
zinc  as  does  one  molecule  of  Acin  used  per  ton  of  ore,  podnds. 

sulphuric  acid.       (Seefig.20).      FniOTt  is.— Curvea  showing  tecov«ryo(Elno  in  lour  mo- 

U^nnn     »l,«»^;»»n«    .1 i—  cbeI™  taachea  with  weak  aoldiCSO  poundiolaid  pet 

Hence,  chemically,  the    two      lonoriiMdsusedinebchtech). 
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acids  are  equally  efficient   as  regards  the  percentage  recovery  of 
the  zinc. 


OXIDIZED  ZIKG  OBES. 


123 


LEAOHES   WITH  INOBEASING   STRENGTHS   OP  ACID  SOLtmON. 

In  addition  to  the  series  of  leaches  with  successive  amounts  of  weak 
acid,  a  series  of  leaches  were  made  with  the  same  weights  of  acid  but 
with  increasing  concentrations,  in  order  that  an  idea  might  be  ob- 
tained as  to  the  effect  ^ 
of  different  concentra- 
tions of  acid  on  the 
leaching  of  the  zinc 
and  on  the  acid  effi- 
ciency of  the  two  acids. 
The  results  are  plotted 
in  figures  21   and  22, 
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Comparison  of   « 
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ilar  curves  for  the  first 
series. 
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PERCENTAGE  OF  ZINC  RECOVERED. 

FiouKE  21.— <^iinres  showing  effect  of  different  conoentratlons  of 
sulphuric  acid:  X,  successive  leaches  with  weak  acid;  O,  leaches 
with  different  strenghs  of  add  solution. 


absolutely  no  differ- 
ence in  chemical  effect 
is  produced  by  the  use 
of  acid  in  various  con- 
centrations. In  other  words,  a  definite  quantity  of  ajeid,  when  ap- 
plied to  a  certain  weight  of  ore  and  permitted  sufficient  time  to 
react,  will  leach  out  a  certain  amoimt  of  zinc  with  a  certain  definite 
efficiency  of  the  acid,  whatever  the  concentration  of  the  acid  solution. 

These  results  are  of 
fundamental  impor- 
tance, because  they 
show  that  any  conve- 
nient concentration  of 
acid  may  be  used,  the 
exact  concentration 
being  entirely  deter- 
mined by  mechanical 
considerations  in  de- 
signing the  leaching 
plant.  Subsequent 
work  on  a  large  variety 
of  ores  verified  this  re- 

hydrochloric  acid:  X.  successive  leaches  with  weak  acid;  O,     sult,    SO    that     the    data 
leaches  with  difler^t  strengths  of  acid  soluUon.  ^^^^   ^^^  ^^  presented. 

Curves  for  computing  the  acid  efficiencies  of  sulphuric  and  hydro- 
chloric acids  when  the  number  of  pounds  of  zinc  leached  from  a 
sample  of  ore  and  the  number  of  pounds  of  acid  consumed  are  known, 
are  presented  in  figure  23.     These  curves  can  likewise  be  used  in 
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interpreting  the  results  of  some  of  the  tests  described  in  the  following 
pages,  when  the  acid  efficiencies  are  stated,  for  finding  the  weight  of 
acid  necessary  to  recover  a  pound  of  zinc  from  the  ore  in  question. 


LEACHINO  AGENTS. 


SULPHURIC  ACID. 


As  the  foregoing  tests  had  indicated  that  the  strength  of  acid 
solution  used  had  no  effect  either  on  the  acid  efficiency  or  on  the 
percentage  of  zinc  recovered,  further  tests  were  made  of  a  wide 
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FiouBS  23.— Curves  for  computiiig  add  efficiency  when  weights 
of  adds  consumed  and  zino  recovered  are  known. 

variety  of  oxidized  zinc  ores  in  order  to  confirm  these  conclusions  and 
to  study  the  various  impurities  that  might  be  found  in  the  solutions 
from  different  ores. 

The  first  series  of  leaches  was  with  samples  representing  different 
types  of  oxidized  ores  of  zinc  from  various  mining  districts.  The 
composition  and  the  screen  analysis  of  each  of  these  samples  are 
shown  in  Table  41,  following: 
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Table  41. — Compositiona  of  oxidized  zinc  area  used  in  leaching  teste  vnth  siUphuric  add. 


Insoluble per  cent . 

GaO do. . . 

Fe do... 

AljOg. do. . . 

MgO do... 

Zn. do... 

Pb do... 

Cu do... 

Ag ounces. 

S percent. 

COs do. . . 

Mn do... 


Scran- 
ton 
No.  1. 


14.0 
13.1 
7.5 
11.3 
1.5 
25.0 
.3 
Trace. 
.45 
.3 
16.8 
.04 


Scran- 
ton 
No.  2. 


10.6 
8.2 
33.0 
3.3 
4.7 
8.9 
1.4 
Trace. 
.28 
.35 
15.5 
.05 


Scraur 

ton 
No.  3. 


8.5 
12.4 
18.5 
2.6 
1.1 
18.7 
.5 
Trace. 
.16 
.5 
17.6 
.19 


Lower 
Mam- 
moth 
No.  1. 


51.6 

2.9 
10.5 

2.3 

1.4 

9.1 

1.2 
Trace. 

1.8 

4.8 

3.6 
.53 


Lower 
Mam- 
moth 
No.  2. 


59.6 

.9 

4.79 

4.48 

.4 

12.3 

.3 

Trace. 

.3 

1.04 
.8.5 
.27 


Lower 
Mam- 
moth 
No.  3. 


19.2 

2.1 

27.0 

12.1 

2.1 

1L3 

2.2 

.  99 

4.3 

.9 

6.1 

.72 


Bull- 
ion 

CoaU- 
tion 

No.  13. 


17.0 

4.2 

18.5 

6.1 

L5 

28.3 

.3 

Trace. 


.4 

n.9 

.63 


West- 
ern 

Min- 

ing 

Co: 


19.5 

Trace. 

19.7 

3.3 

20."  i" 
.05 


Santa- 
ouin 
King 
mine. 


33.9 

.6 

.3 

Trace. 

..do.. 

45.5 

Trace. 

.do.. 


lake 

View 

No.103, 


14.0 
19.5 
.8 
L5 
Trace. 
34.3 
1.4 


.03 


May 

Day 

No.  4. 


25.0 

12.2 

2.6 


3.9 
2L6 
1L7 
Trace. 


.36 
17.1 
L07 
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Muh. 
+28 

8.5 
20.8 
32.9 
43.5 
56.2 
63.2 
74.2 
100 

6.9 
29.2 
4L8 
52.0 
65.7 
72.8 
84.7 
100 

n.4 

25.6 
37.9 
47.3 
58.1 
64.1 

7a  8 

100 

14.3 
22.8 
28.8 
33.2 
39.2 
43.2 
46.8 
100 

12.0 
22.1 
30.4 
36.3 
43.0 
47.8 
61.7 
100 

10.5 
22.8 
34.4 
44.2 
67.1 
66.7 
74.3 
100 

2.6 
7.1 
15.3 
28.2 
39.9 
47.4 
74.6 
100 

11.2 
26.1 
36.9 
47.2 
67.9 
63.8 
74.2 
100 

rai 
(a) 

8.6 
25.7 
38.4 
49.8 
61.0 
69.4 
73.0 
100 

11.4 

35 

27  8 

48 

40.4 

65 

60.1 

100 

61.4 

150 

69.1 

200 

74.1 

100 

a  All  passed  60  mesh. 

Most  of  these  ores  were  tested  with  dilute  acetic  acid  to  dissolve 
zinc  carbonate  and  with  dilute  sulphuric  acid  to  dissolve  zinc  car- 
bonate and  zinc  silicate.  The  results  of  the  tests,  shown  in  Table 
42,  give  a  rough  idea  of  the  total  percentage  of  oxidized  zinc  present 
as  carbonate. 


Table  42. — Resulte  of  trial  leaches  on  l-gram  samples  of  oxidized  ores. 

[Samples  grotmd  to  pass  through  lOO-mesh  sieve.] 


Percentage  of  sine  recovered 
by  leaching  for— 

30 

90 

minutes 

minutes 

Mine  and  sample. 

20 

in  hot 

in  cold 

minutes 

sulphuric 

ailphuiio 

in  hot 

add 

add 

acetic 

solution, 

solution, 

add. 

10  per 

10  per 

cent 

cent 

strength. 

strength. 

Bcranton.  No,  1 

6L5 
69.7 
64.3 
49.7 
67.4 
72.5 

95.1 
96.0 
94.0 
80.5 
94.0 
87.3 

90.0 

8cranton.  No.  2 ^ 

89.0 

Reran tnp.  No.  3 ,.  w  r ..  r ,.....,--  r 

85.7 

Lnwer  ManiTnoth.  Nn.  \ , 

56.8 

Low«r Mararnoth. No. 2-,-, --, ,- --.-.- ,. 

75.6 

Lower  Mammoth.  No.  3-.-^.^rr,.,..,rY,.^,--,-.T..,..rrtt-T.^r-.,-T--.... 

93.0 
91.  k 

May  Day.  No.  4 

89.8 
84.5 

97.0 
83.5 

Bullion  Coalition , 

95.  & 
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The  ores  were  then  tested  for  acid  consumption  and  zinc  recovery 
by  treating  100-gram  lots,  ground  to  pass  a  20-mesh  sieve,  in  sul- 
phuric acid  solutions  of  about  10  per  cent  strength.  The  ore  and 
solution  was  placed  in  2.5-liter  acid  bottles  and  agitated  on  a  set  of 
agitating  rolls.  The  principal  results  of  each  set  of  tests  are  reported 
in  Table  43  following.  Most  of  the  zinc  can  be  removed  from  the 
average  oxidized  zinc  ore  by  the  use  of  sulphuric  acid  solutions, 
but  the  efficiency  of  the  acid  used  in  leaching  varies  greatly  for 
different  ores,  being  naturally  dependent  on  the  amounts  of  lime, 
magnesia,  and  other  acid-consuming  constituents  of  the  ore. 

Table  43. — Results  of  leaching  oxidized  sdnc  ores  with  sulphuric  add,  showing  zinc  recov- 
ery and  acid  efficiency. 

[lOO-'gram  sample,  ground  to  pass  ao-mesh  sieve,  used  in  each  test.] 


Mine  and  sample. 

1 

quivalents 
ofaddsui>- 
plied. 

ercentage 
ofaddeffi- 
dency. 

ercentage 
of  zino  re> 
covered. 

Mine  and  sample. 

• 

Equivalents 
of  add  sup* 
pUed. 

ercentage 
of  add  effl- 
denoy. 

ercentage 
of  el  no  re- 
covered. 

g 

» 

(l4 

{Hi 

P 

^ 

PL« 

Scranton.  No.  1 

1.5 
1.5 

1.0 
1.5 

53 
60 

53 
90 

Lower  Mammoth,  No.  2 . . 

1.5 
1.5 

1.5 
3.1 

82 
80 

75 

■^v  ^^^v  ^^^^^^»  ^F  ^^^"^  m      ^"    "    ^^  ■      ^m    ^^^^^^•^^^ 

75 

1.5 

2.0 

60 

95 

1.5 

4.3 

80 

2 

3.0 

1.0 

61 

92 

3.0 

3.1 

82 

77 

3.0 

1.5 

61 

91 

3.0 

4.3 

81 

75 

3.0 

2.0 

59 

90 

Lower  Mammoth,  No.  3 . . 

1.5 

1.5 

53 

80 

Scranton.  No.  2 

1.5 

1.5 

45 

87 

1.5 

3.5 

52 

84 

^^r  ^^^  ^^^^^^  ^r  ^^  ^^^w     ^—   •    ^^  w     ^^  ^»ww^™^w^^ 

1.5 

2.36 

35 

81 

1.5 

4.7 

52 

82 

1.5 

4.45 

36 

80 

3.0 

3.5 

48 

84 

3.0 

2.36 

34. 

81 

3.0 

4.7 

48 

84 

3.0 

4.45 

34 

82 

1.6 

0.09 

54 

54 

Santaauin  Sine 

1.5 
1.5 

1.0 
1.25 

82.5 
81.0 

79 

Scranton.  No.  3 

nv  v^i^^  ^rV^r«4  *^*wM      ^•^■♦•■^^     •■•••■■■A« 

8S 

9^^  ^^^™    W^^i^^P  ^F  ^^  ^^^  ■      ^—     '     ^^  ^       ^^    ■^^•^•■»^» 

1.5 

1.0 

41 

84 

1.5 

L8 

82 

90 

1.5 

1.3 

45 

87 

3.0 

1.25 

93 

94 

3.0 

1.0 

43 

87 

3.0 

1.8 

94 

06 

3.0 

1.3 

46 

89 

Lake  View,  No.  105 

1.5 

1.0 

80 

75 

Bollion  CoaUUon,  No.  15. 

1.5 

1.0 

85 

85 

1.5 

1.5 

67 

9$ 

1.5 

1.5 

80 

92 

1.5 

2.4 

60 

97 

1.5 

2.0 

80 

93 

3.0 

1.5 

66 

97 

3.0 

1.5 

78 

92 

3.0 

2.4 

60 

OS 

3.0 

2.0 

79 

93 

Western  Mining  Co 

1.5 

1.0 

72 

80 

May  Day,  No.  4 

1.5 

1.0 

86 

66 

1.5 

1.25 

80 

00 

1.5 

1.5 

63 

86 

1.5 

2.5 

85 

01 

1.5 

2.0 

67 

90 

3.0 

1.25 

84 

03 

3.0 

1.5 

64 

92 

3.0 

2.5 

86 

93 

3.0 

2.0 

68 

90 

• 

Lower  Manunoth,  No.  1 . 

1.5 
1.5 
1.5 
3.0 
3.0 

1.0 
3.1 
4.6 
3.1 

4.6 

83 
85 
85 
85 
85 

52 
52 
52 
52 
52 

Such  tests  are  of  fundamental  importance  in  determining  whether 
enough  zinc  can  be  recovered  from  a  definite  ore  and  whether  the 
consumption  of  acid  will  be  excessive,  but  an  even  more  important 
point  is  the  properties  of  the  solutions  made,  because  the  purity 
of  the  finished  product  depends  on  the  character  of  the  solutions. 
As  the  modem  methods  of  purifying  zinc  sulphate  solutions  depend 
upon  reducing  the  solution  to  a  neutral  condition,  analysis  of  the 
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solutions  from  such  ores,  when  only  sufficient  acid  is  used  to  dissolve 
the  zinc  and  to  leave  the  solution  neutral,  is  of  prime  importance. 
On  that  accoimt,  a  sample  of  each  of  the  ores  was  leached  with 
sulphuric  acid  solution  of  10  per  cent  strength  for  1^  hours.  Then 
enough  concentrated  acid  was  added  to  bring  the  acidity  back  to 
10  per  cent,  and  the  solution  was  passed  over  fresh  ore  until  no  free 
acid  remained.  The  analyses  of  the  resulting  solutions  are  shown 
in  Table  44.  In  almost  every  test  it  was  noted  that  when  the  pulp 
was  neutral  there  was  some  difficulty  in  filtering  the  solution. 
Neutral  solutions  from  Scranton  No.  2  and  No.  3  ores  were  almost 
impossible  to  filter  and  finally  set  as  gels,  on  account  of  the  high 
percentage  of  silicic  acid  present  in  them.  Some  of  the  gel  that 
formed  in  one  test  was  washed  and  dried,  and  gave  the  following 
analysis:  Zn,  2  per  cent;  Fe,  2  per  cent;  CaO,  0.7  per  cent,  and 
SiOj,  93.6  per  cent. 

Table  44. — Results  of  analyses  of  neutral  solution  of  zinc  sulphate  and  impurities. 


Mine  and  sample. 


Zn. 


Scranton,  No.  1 

Scranton,  No.  2 

Scranton,  No.  8 

Bullion  Coeiition,  No.  13 
Lower  Mammoth,  No.  1 . 
Lower  Mammoth,  No.  2 . 
Lower  Mammoth,  No.  3 . 

VayDay,No.4 

Santaqiun  King 

Western  Mining 

Lake  View,  No.  105 


Per 
cent. 
9.3 
6.2 
7.0 
12.7 
8.75 
8.20 
8.0 
9.75 
12.6 
14.4 
14.5 


SiO,. 


Per 
cent. 
0.46 
2.05 
2.2 
1.76 
.07 
.39 
.22 
.14 
.33 
.51 
.51 


CaO. 


Per 
cent. 
0.28 
.23 
.20 
.27 
.16 
.24 
.19 
.19 
.2 
.1 
.2 


MgO. 


Per 
cent. 
0.72 
L2 
.75 
.20 
.34 
.22 
.26 
.26 
tr. 
tr. 
tr. 


AlsC 


Per 
cent. 
0.01 


.22 

.19 
.90 


.27 
.53 
.52 


Fe. 


Per 
cent. 
0.03 
.07 
.02 
.07 
.40 
.17 
.08 
.02 
.02 
.08 
.08 


Mn. 


Per 
cent. 


0.006 
.0006 


.008 

".'oii' 


Zn  in 
tailing. 


Per 

cent. 
1.4 
1.7 
1.5 
3.7 
4.4 
4.1 
2.6 
1.7 
L6 
2.0 
.6 


As  it  was  thought  probable  that  electrolytic  recovery  of  the 
zinc  from  such  solutions  might  be  attempted  in  some  instances, 
the  effects  of  silicic  acid  gel  were  further  investigated.  It  was  found 
that  silicic  acid  caused  serious  trouble  only  when  the  solutions 
were  neutral,  and  that  the  acid  solutions  were  much  more  easily 
filtered.  Many  of  the  pulps,  when  allowed  to  stand  over-night  in 
the  neutral  condition  could  not  be  filtered  the  next  morning  and 
in  many  cases  the  whole  solution  has  set  to  a  gel.  The  lowest 
percentage  of  silica  ever  observed  in  one  of  these  gels  was  0.6  per 
cent  and  this  gel  took  about  two  days  to  set.  Electrolytic  precipi- 
tation of  the  zinc  would  not  remove  the  silica  from  the  solutions, 
therefore  the  silica  would  tend  to  build  up.  The  analyses  of  the 
solutions  indicated  that  with  continued  use  the  sihcic  acid  would 
soon  build  up  to  a  point  where  it  would  entirely  prevent  further 
operation.  CycUc  leaching  of  a  number  of  the  ores  tested  proved 
that  the  siUca  had  such  an  effect.  As  a  rule  when  the  siUca  content 
of  the  solution  reached  more  than  2  per  cent,  filtering  became  very 
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difficult  and  could  be  done  only  when  the  neutral  liquor  was  acidi- 
fied and  used  for  treating  fresh  ore  without  removal  of  the  zinc. 

As  is  shown  subsequently,  removal  of  this  colloidal  silica  from 
solutions  contaminated  witii  it  was  almost  impossible.  Therefore, 
in  treating  oxidized  zinc  ores  containing  silica,  the  preparation  of 
zinc  sulphate  solutions  in  such  a  way  that  the  silica  would  not  be 
present  is  necessary.  Silicic  acid  can  be  dessicated  to  form  '^  insoluble 
silica"  and  water  by  heating  it  to  more  than  125®  C.  in  the  open  air. 
Consequently,  an  attempt  was  made  to  prepare  a  solution  free  of 
siUcic  acid  by  treating  the  ore  with  just  enough  strong  sulphiuic  acid 
to  moisten  it,  heating  the  mixture  of  sulphuric  acid  and  ore  to  about 
150®  C,  or  higher,  and  leaching  the  calcined  material  with  water. 

It  was  found  that  concentrated  sulphuric  acid  would  not  moisten 
the  ore  sufficiently,  so  the  necessary  acid  for  converting  the  zinc 
into  zinc  sulphate  was  added  as  a  50  per  cent  solution,  with 
satisfactory  results.  The  laboratory  roasts  were  made  in  roasting 
dishes  in  a  gas  muffle  fmnace.  A  large  proportion  of  the  iron  and 
the  alumina  are  converted  into  the  corresponding  sulphates  by  this 
treatment,  unless  the  temperature  of  the  roast  is  maintained  at  about 
600°  C.  or  higher.  Iron  sulphate  breaks  up  rather  slowly  at  600®  C, 
requiring  at  least  two  hours'  roasting  to  prevent  the  subsequent 
appearance  of  iron  in  the  solutions.  At  700®  C.  the  necessary  time 
for  obtaining  the  same  result  varies  from  one-half  to  one  hour.  At 
800®  C.  some  of  the  zinc  sulphate  is  broken  up  by  the  heat,  and  as  a 
result  leaching  with  water  does  not  obtain  as  much  zinc.  The  zinc 
sulphate  formed  tends  to  cake  the  material  together,  and  in  most 
furnaces  this  caking  would  probably  cause  mechanical  difficulty  in 
handling  such  material.  Possibly  some  type  of  horizontal  Inln  would 
be  necessary  in  order  to  avoid  trouble  from  this  source. 

Practically  all  the  oxidized  ores  tested  yielded  to  this  treatment, 
the  zinc  recoveries  being  about  the  same  as  those  obtained  by  direct 
leaching  with  solutions  of  sulphuric  acid,  except  that  when  a  charge 
was  overheated  some  of  the  zinc  sulphate  was  broken  down  into  zinc 
oxide  or  into  basic  zinc  sulphate.  Under  these  conditions  sulphuric 
acid  had  to  be  added  to  the  leaching  water  in  order  to  get  good 
recoveries.  In  almost  every  test  it  was  necessary  to  use  enough 
sulphuric  acid  to  satisfy  all  the  zinc,  lead,  lime,  and  magnesia  in  the 
ore  before  satisfactory  recovery  of  the  zinc  could  be  made.  The 
amounts  of  iron  usually  entering  the  solution  varied  from  10  to  20 
milligrams  per  liter.  Manganese  was  not  so  easy  to  keep  out  of  the 
solution,  because  its  sulphate  does  not  seem  to  decompose  as  easily 
as  that  of  iron.  Consequently  there  was  usually  a  considerable 
amount  of  manganese  in  the  solutions  prepared  from  these  ores. 
Silica  was  rarely  present  in  more  than  traces. 
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The  disadvantage  of  getting  the  zinc  into  solution  in  this  manner 
is  that  only  strong  solutions  of  sulphuric  acid  can  be  used,  whereas 
electrolytic  precipitation  of  a  zinc  sulphate  solution  would  regenerate 
only  a  weak  solution  of  sulphuric  acid  which  could  not  be  used  for 
sulphating  the  ore.  Consequently  this  method  of  preparing  pure 
solutions  involves  chemical  precipitation  of  the  zinc  from  the  solution 
and  loss  of  the  sulphuric  acid.  Such  a  procedure  would  naturally  be 
limited  to  localities  where  sulphuric  acid  was  cheaply  available  in 
large  amounts. 

Niter  cake,  the  impure  bisulphate  of  sodium  (NaHSOJ,  which  is 
usually  available  as  a  waste  product  from  nitric  acid  plants,  powder 
plants,  sulphuric  acid  plants,  etc.,  has  an  available  acidity  of  about 
30  per  cent  in  the  usual  commercial  article,  and  melts  at  a  low  tem- 
perature. Niter  cake  was  tried  as  a  substitute  for  sulphuric  acid  in 
sulphating  ores  at  high  temperatures.  The  efficiency  in  recovering 
zinc  was  about  the  same  as  with  sulphuric  acid,  but  the  sodium  and 
zinc  sulphates  resulting  caked  the  ore  harder  than  when  only  sul- 
phuric acid  was  used.  Furthermore,  with  some  ores  the  amount  of 
niter  cake  necessary  to  satisfy  the  acid  requirements  of  the  ore  was 
excessive,  and  the  resulting  burden  of  sodium  sulphate  in  the  water 
leaches  made  recovery  of  the  zinc  from  the  solution  doubtful.  There- 
fore, sodium  sulphate  is  an  undesirable  diluent  of  the  acid  used  in 
preparing  the  ore. 

HYDBOOHLOBIO   AOID. 

The  preceding  considerations  of  the  adaptability  of  sulphating  at  a 
high  temperature  followed  by  chemical  precipitation  for  recovering 
zinc  recalls  the  fact  that  no  acceptable  method  of  precipitating  zinc 
from  its  sulphate  solutions  by  any  conmiercially  available  chemicals 
has  been  devised.  Ijime  is  the  cheapest  base  available,  but  it  forms 
calcium  sulphate  which  will  mix  with  the  zinc  hydroxide  precipitate. 
Hence  the  preparation  of  chloride  solutions  of  zinc  is  desirable,  if 
this  can  be  done,  because  they  would  be  better  adapted  to  precipita- 
tion by  lime.  As  was  shown  in  an  earUer  part  of  this  paper,  hydro- 
chloric acid  is  equally  efficient  with  sulphuric  acid,  by  molecular 
weights,  in  dissolving  zinc  from  its  oxidized  ores,  and  wherever 
cheaply  available  could  easily  be  used  for  leaching  such  ores.  The 
station  has  contemplated  making  some  experiments  on  the  prepara- 
tion of  hydrochloric  acid  by  the  interaction  of  sodium  chloride  with 
silica  and  steam  at  high  temperatures.  The  reaction  is  known  to  take 
place,  but  development  work  needs  to  be  done  on  the  mechanical  appli- 
cation of  the  reactions.  If  hydrochloric  acid  can  be  prepared  cheaply 
in  tlus  way,  application  to  the  leaching  of  zinc  ores  will  then  be  easy. 

86198*— 19— BuU.  168 9 
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8ULFHUBOU8   ACID. 

The  use  of  Bulphur  dioxide  as  a  leaching  agent  has  always  appealed 
to  the  hydrometallurgisty  but  to  date  there  have  been  practically  no 
Buccessful  commercial  installations  of  sulphurous-acid  leaching  plants 
for  either  zinc  or  copper  ores.  Many  attempts  have  been  made  to 
absorb  sulphur  dioxide  with  watei  or  steam  and  use  the  resulting  sul- 
phurous acid  for  leaching  either  oxidized  zinc  or  copper  minerals, 
but  the  mechanical  difficulties  of  applying  the  process  have  caused 
all  such  enterprises  to  fail.  The  asphyxiating  character  of  the  fumes 
rising  from  the  solutions  necessitate  the  use  of  closed  vessels,  whereas 
difficulties  from  reprecipitation  and  crystallization  of  salts  in  pipes 
and  other  closed  vessels  have  made  it  almost  necessary  to  work  with 
open  vessels.  Furthermore,  some  of  the  proposed  methods  have 
looked  toward  recovery  of  the  sulphur  dioxide  from  the  sulphite 
solutions,  whereas  practice  has  proved  that  much  of  the  zinc  sulphite 
is  oxidized  to  higher  oxides/  from  which  it  was  impossible  to  recover 
sulphur  dioxide. 

In  most  of  the  intermountain  districts  the  recovery  of  sulphur 
dioxide  is  not  vitally  necessary,  and  any  satisfactory  method  for 
the  leaching  of  the  zinc  or  the  copp^  and  the  ultimate  wasting  of 
the  sulphur  dioxide  would  usually  be  acceptable.  On  that  account 
further  investigation  of  the  possibiUty  of  sulphurous  acid  leaching  of 
oxidized  zinc  ores  was  deemed  advisable. 

The  first  factor  determined  was  the  approximate  solubility  of  zinc 
bisulphite,  the  soluble  compound  of  zinc  formed  by  the  use  of  excess 
of  sulphurous  acid.  The  monosulphite  of  zinc  is  insoluble,  and  most 
of  the  proposed  processes  for  sulphurous  acid  leaching  involve  leach- 
ing of  the  zinc  as  a  bisulphite  solution  with  subsequent  precipitation 
of  insoluble  zinc  monosulphite.  By  suspending  an  excess  of  zinc 
oxide  in  water  and  then  passing  sulphur  dioxide  from  a  cylinder  of 
the  liquified  gas  until  the  solution  smeUed  strongly  of  excess  sulphur 
dioxide,  it  was  found  that  at  the  ordinary  temperature  of  the  labora- 
tory 6.07  per  cent  of  zinc  was  in  solution  and  the  total  sulphites 
present  were  equivalent  to  16.08  per  cent  SO,.  Thus  about  2.36 
per  cent  of  SO,  was  uncombined.  Most  of  the  values  in  the  literature 
on  the  subject  for  solubility  of  zinc  sulphite  agree  reasonably  well 
with  these  figures,  although  in  some  patent  specifications  mention  is 
made  that  some  of  the  zinc  often  oxidizes  to  the  sulphate  form,  when 
the  total  zinc  content  of  the  sulphite  leaching  solution  can  approach 
10  per  cent. 

A  number  of  tests  were  made  with  several  ores,  to  determine  the 
leaching  efficiency  of  sulphurous  acid  as  compared  with  sulphuric 
acid.  The  results  of  these  leaches  are  given  in  Table  45.  The  zinc 
recoveries,  even  with  very  dilute  solutions,  are  fully  as  good  as  those 
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possible  with  sulphuric  acid  solutions.  The  acid  efficiency  obtain- 
able is  likewise  comparable  with  the  acid  efficiency  of  the  sulphuric 
acid  solutions.  The  figures  in  the  column  for  acid  efficiency  represent 
the  apparent  efficiency,  which  is  twice  the  actual  efficiency',  because 
in  titrating  the  leach  solution  for  acidity  the  zinc  bisulphite  reacts 
with  the  acid  until  completely  neutralized,  forming  zinc  monosul- 
phite.  Hence  the  figures  in  the  colimm  of  acid  efficiencies  should  be 
divided  by  two. 

Tablb  45. — Results  of  stUphtwoiu  acid  leaching  of  oxidixed  tine  ore$. 


Mine  and  sample. 

Leacta 
No. 

Weight 
of  ore. 

Weight 
ofSOt. 

80,  per 

100  c.  0. 

of  water. 

Volume 
of  solu- 
tion. 

Zinc  per 

gram  of 

SO,. 

Percent- 
age of  add 
efficiency. 

Percent- 
age of  zino 
recovered. 

BolUon  CoaUUon,  13.... 
H<Ta*it<m,  1 

1 
2 
3 
4 
6 
6 
1 
2 
3 
4 
5 

Grama. 
6.29 
6.29 
6.29 
6.29 
6.29 
6.29 
6.36 
6l36 
6.36 
6.86 
6.30 

Oram*. 
3.36 
3.36 
3.35 
3.35 
3.35 
6.70 
6.00 
5.00 
6.00 
5.00 
5.00 

Orama. 
0.167 
.335 
.670 
1.34 
2.00 
2.68 
.25 
.50 
1.00 
2.00 
3.00 

c.  a 

2,000 

1,000 

500 

250 

167 

250 

2,000 

1,000 

500 

250 

167 

Orama. 
a973 
.854 
.830 
.912 
.604 
.934 
.779 
.940 
.856 
.865 
.624 

192.0 
168.0 
162.0 
187.0 
137.0 
180.0 
192.6 
186.0 
168.0 
176.6 
122.7 

96.1 
96.1 
97.1 
92.8 
91.0 
97.9 
95  2 

94.0 
95.2 
97.0 
92.8 

The  impurities  taken  into  solution  by  sulphite  solutions  are  lime, 
alumina,  iron,  copper,  and  small  amounts  of  silica.  Lead,  silver,  and 
gold  do  not  dissolve  to  any  extent. 

The  mechanical  requirements  for  successful  leaching  of  zinc  ores 
by  the  bisulphite  method  have  already  been  considered  in  the  part 
of  this  bulletin  deahng  with  the  hydrometallurgy  of  the  sulphide  ores 
(pp.  81-84).  Except  for  the  tendency  of  silicic  acid  to  enter  the  solu- 
tions in  the  leaching  of  oxidized  ores  and  later  contaminate  the  pre- 
cipitate of  zinc  monosulphite,  there  is  little  difference  between  the 
problem  of  the  treatment  of  oxidized  and  of  sulphide  ores  by  sul- 
phurous acid.  As  the  zinc  bisulphite  solutions  must  be  acid  for  filter- 
ing, no  filtration  difficulty  is  experienced,  whereas  zinc  sulphate  solu- 
tions are  usually  filtered  in  the  neutral  condition  where  the  silicic  acid 
causes  trouble. 

HYDBOFLUOSILIOIC   AOID. 

As  the  writers  had  been  informed  that  zinc  fluosilicate  solutions 
could  be  easily  electrolyzed  to  give  good  cathode  spelter,  a  few  hydro- 
fluosilicic  acid  leaches  of  oxidized  zinc  ores  were  tried  in  order  to  see 
whether  the  acid  would  be  an  acceptable  leaching  agent.  Leaching 
the  raw  ore  with  hydrofluosilicic  acid  gave  an  acid  efficiency  of  more 
than  100  per  cent.  The  theoretical  weight  of  acid  which  should  be 
consumed  is  2.2  pounds  per  pound  of  zinc,  whereas  the  observed 
consmnption  was  only  1.9  pounds.  This  lower  rate  was  attributed 
to  the  presence  of  some  hydrofluoric  acid  in  the  hydrofluosiUcic  acid, 
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which,  on  account  of  the  lower  molecular  weight  of  the  former,  would 
make  the  hydrofluosihcic  acid  appear  more  than  100  per  cent  efficient. 
On  leaching  part  of  the  same  sample  of  ore  with  tiie  acid  after  cal- 
cination, the  acid  consumption  amounted  to  only  0.52  pound  per 
pound  of  zinc.  On  the  assumption  that  the  zinc  oxide  from  the 
roasting  caused  hydrolysis  of  the  hydrofluosihcic  acid  with  resultant 
formation  of  zinc  fluoride,  in  place  of  zinc  fluosilicate,  only  0.615 
poimd  of  the  acid  would  be  required  to  leach  1  pound  of  zinc. 
Thus,  the  results  would  seem  to  indicate  that  the  following  reactions 
took  place  in  the  two  tests: 

HaSiFe+ZnC03=ZnSiF,-|-H,0-hC0i 
H,SiF,-|-3ZnO     =3ZnF,  -f  HjO+SiOa 

This  shows  that  hydrofluosilicic  acid  might  be  used  for  the  leaching 
of  zinc  carbonate  ores,  but  that  it  would  be  unsuitable  for  the  treat- 
ment of  any  type  of  roasted  products.  No  further  work  was  done 
with  it 

ALKALINE   AGENTS. 

The  fact  that  zinc  oxide  and  zinc  carbonate  will  combine  with 
solutions  of  caustic  soda  or  of  ammonia  to  form  zincates  is  the  basis 
of  many  proposed  processes  for  leaching  oxidized  zinc  ores.  In 
many  instances  these  processes  would  have  an  especial  advantage 
over  acid  leaching,  because  most  of  the  oxidized  zinc  ores  contain 
important  amounts  of  calcium  and  magnesium  carbonates,  and  other 
acid  consuming  minerals  which  would  not  affect  the  alkaUne  leaching 
agents.  Hence  much  better  chemical  efficiency  of  the  leaching  agent 
should  be  possible.  With  this  in  mind,  two  leaching  agents  were 
tested — caustic  soda  solutions  and  ammoniacal  solutions. 

CAUSTIC  SODA. 

Caustic  soda,  as  a  solvent  for  zinc  ores,  has  been  proposed  by  many 
inventors,  but  has  never  been  applied  commercially  with  any  success.' 
The  available  literature  gives  Uttle  information  as  to  the  causes  for 
the  failure  of  caustic  soda  as  a  leaching  agent.  However,  the  writers 
soon  found  that,  although  many  patents  claim  the  application  of 
caustic  soda  solutions  to  oxidized  ores,  satisfactory  recoveries  of  the 
zinc  from  these  ores  by  the  use  of  solutions  containing  10  to  25  per 
cent  NaOH  was  almost  impossible. 

The  results  of  six  leaches  of  the  May  Day  No.  2  ore  with  caustic 
soda  solutions  are  recorded  in  Table  46.     In  each  of  these  leachos 


•  A  list  of  th«  principal  tJnitod  BtatM  patents  oovoring  the  use  of  canstlo  soda  leaching  lolutlons  is  as 
follows:  Ketchum,  E.  C,  No.  002056,  Not.  21, 1896;  Ryan,  Thomas,  Jr.,  and  Hughes,  Newton,  No.  M7989, 
Dec.  20, 1899;  Stnoda,  WUhelm,  No.  656306,  Jan.  20, 1899;  Sadtler,  S.  S.,  No.  70066S,  July  10^  1900;  Barton, 
Thomas,  and  HcOlue,  T.  B.,  689,276,  July  80, 1901;  Ranson,  Charles,  No.  1023964,  July  8, 1»10;  Bretherton, 
8.  E.,  No.  1204843,  Deo.  23, 1912;  Asef,  Waldemar,  No.  1166743.  Oct.  26. 1914;  Snyder,  B.  H..  No.  1184685^ 
Mar.  81. 1916. 
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33.3  grams  of  ore  ground  to  pass  an  SO-mesh  sieve  was  agitated  in 
100  cc.  of  a  22.44  per  cent  NaOH  solution.  With  cold  solutions 
the  recovery  was  very  low.  Even  with  hot  solutions  only  about  two- 
thirds  of  the  zinc  was  obtained  and  the  solution  had  to  be  maintained 
at  97°C.  for  four  hours  for  this  result.  The  zinc  oxide  is  supposed  to  be 
precipitated  from  the  solution  on  dilution,  hence  enough  water  was 
added  to  make  1,000  cc,  which,  of  course,  reduced  the  strength  of  the 
solution  to  about  2  per  cent.  Under  these  conditions  a  precipitate 
of  zinc  hydroxide  was  obtained  containing  about  40  per  cent  of  the 
zinc  originally  in  the  ore,  as  shown  by  the  last  column  in  Table  46. 
The  remainder  of  the  zinc  stayed  in  solution. 

Tablb  46. — Results  of  leaching  oxidized  zinc  ore  with  caustic  soda  solution^ 


Test. 

Temp- 
erature. 

Time. 

Tailing. 

Zinc 
recovery. 

Zinc 

per  100 

0.  c.  of 

solution. 

Zinc 
recovered 
on  dilu- 
tion. 

Weight. 

Zinc 
content. 

1 
2 
3 
4 
5 
6 

•  C. 
97 
97 
97 
97 
20 
20 

Hn. 

1 
2 
3 
4 

20 
7 

GraTTU. 
26.42 
26.14 
26.01 
25.72 
29.25 
30.02 

P.et.- 
7.4 
7.3 
7.0 
7.7 
11.1 
12.5 

P,ct. 
62.5 
63.5 
65.2 
62.2 
37.8 
28.2 

Orams. 
3.26 
3.38 
3.47 
3.44 
1.93 
1.53 

P.ct. 
34.5 
41.5 
89.0 
40.7 

On  account  of  the  difficulty  of  dissolving  the  zinc,  to  say  nothing 
of  the  practical  difficulties  involved  in  dilution  of  the  solution  fol- 
lowed by  evaporation  in  order  to  recover  the  sodium  hydroxide, 
no  further  work  was  done  with  this  process. 

The  consumption  of  alkali,  determined  in  each  of  the  tests  shown 
in  Table  46,  was  about  80  to  100  poimds  of  sodium  hydroxide  per 
ton  of  ore.  The  sodium  is  supposedly  fixed  as  sulphate  or  chloride, 
or  possibly  even  as  silicate,  but  the  results  had  been  so  discouraging 
that  this  latter  point  was  not  determined. 

AMMONIA. 

Ammoniacal  leaching  solutions  have  received  much  more  favorable 
consideration  than  caustic  soda  from  metallurgists  in  times  past, 
although  no  commercial  plants  using  such  solutions  have  been 
built.« 

Most  of  the  methods  proposed  for  leaclung  zinc  ores  with  ammonia 
involve  the  use  of  ammoniacal  ammonium-carbonate  solutions, 
bef*ause  carbon  dioxide  tends  to  accumulate  in  the  solutions  as 
ammonium  carbonate,  and  also  because  the  presence  of  combined 

<i  United  Btatis  patenta  relating  to  ammoniacal  leaching  of  stno  ores  are  as  follows:  Buighardt,  C.  A., 
«ad  Rigg.  Gilbert,  686356,  June  1, 1896;  Koehler,  W.  J.,  611917,  Nov.  7, 1896;  Howard,  Henry,  623154,  Maj 
14, 1898;  Rigg,  Gilbert,  664804,  May  6, 1899;  Hirsching,  Henry,  735513,  Mar.  19, 1902;  Bermont,  Victor,  751713^ 
May  0, 1902;  Josaph,  T.  B.,  780283,  May  18, 1904. 
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carbon  dioxide  seemingly  does  not  impair  the  solubility  of  flie  zinc 
oxide  and  other  oxidized  compounds  of  zinc.  Ammonium  zincate 
is  a  compound  which  is  often  assumed  to  result  from  the  reaction  of 
the  solutions  on  the  zinc  minerals.  Whether  the  zinc  oxide  actually 
combines  with  the  ammonia,  or  whether  it  is  merely  dispersed  and 
taken  into  colloidal  solution,  is  immateriali  as  long  as  the  zinc  can  be 
dissolved. 

A  lengthy  series  of  tests  with  solutions  of  ammonia  and  solutions 
of  ammoniacal  ammonium  sulphite  was  made  in  the  effort  to  deter- 
mine under  just  what  conditions  the  zinc  could  be  most  easily 
leached.  It  was  foimd  that  the  solutions  containing  ammoniacal 
ammonium  sulphite  would  dissolve  twice  as  much  zinc  from  the  ore 
as  the  ammonia  solutions.  A  solution  containing  about  5  per  cent 
free  NHg  and  about  3  per  cent  (NH4),S08  gave  as  good  recoveries  as 
stronger  solutions.^  The  amoijint  of  zinc  recovered  was,  then, 
roughly  proportional  to  the  free  ammonia  present,  being  about  0.29 
gram  of  zinc  per  gram  of  free  NH,.  This  latter  ratio  shows  that  14 
molecules  of  NH,  are  required  to  extract  1  atom  of  zn.  Such  leach- 
ing solutions  dissolved  slightly  more  zinc  than  would  dilute  acetic 
acid,  when  applied  to  the  leaching  of  an  oxidized  zinc  ore.  Evi- 
dently the  ammonial  solutions  attack  only  the  zinc  carbonate, 
leaving  the  zinc  silicate  minerals  almost  imafTected.  On  leaching  a 
roasted  sphalerite  ore  it  was  foimd  that  all  the  zinc  oxide,  zinc  sul- 
phate, and  zinc  sulphite  were  dissolved.  Zinc  sulphide  and  zinc 
ferrate  were  seemingly  unaffected. 

The  large  amount  of  ammonia  necessary  to  dissolve  the  zinc 
makes  such  a  process  of  doubtful  value,  because  either  the  propor- 
tion of  leaching  solution  to  ore  must  be  large  or  else  strong  solutions 
of  anunonia  must  be  used,  in  which  event  only  about  a  5  per  cent 
solution  of  zinc  can  be  prepared.  Neither  of  these  conditions  is 
desirable. 

Therefore,  the  conclusion  may  be  made  that  ammoniacal  leaching 
solutions  are  not  adapted  to  complete  recovery  of  zinc  from  either 
roasted  sulphide  ores  or  oxidized  zinc  ores,  except  certain  sulphide 
ores  that  can  be  roasted  without  the  formation  of  ferrites,  or  oxido 
ores  that  contain  no  zinc  silicate.  In  any  event  the  mechanical 
difficulties  in  handling  the  leaching  solutions  are  serious. 

PTTEIFIOATION  AND  PBBOIPITATION  CXF  80LTTTI0H8. 

The  solutions  of  zinc  prepared  from  oxidized  ores  by  various 
leaching  processes  will  not  differ  greatly  from  those  prepared  from 
the  sulphide  ores,  except  in  a  few  particulars.  As  a  rule,  a  greater 
proportion  of  impurities  will  be  taken  up  from  the  oxidized  ores, 
hence  the  solutions  will  require  more  careful  purification. 
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Silicic  acid  was  the  most  prominent  impurity  noted  in  the  work 
with  oxidized  ores.  Acid  leaching  solutions  attack  the  zinc  silicate^ 
which  is  almost  invariably  present  in  the  oxidized  ores,  forming 
siUcic  acid  which  tended  to  set  to  a  gel  as  soon  as  the  solutions 
became  neutral.  As  most  of  the  iron,  alumina,  and  arsenic  are 
removed  from  the  zinc  sulphate  or  zinc  chloride  solutions  while  in 
neutral  condition,  this  formation  of  silicic  acid  introduced  a  serious 
difficulty.  Attempts  to  precipitate  the  siUcic  acid  by  the  use  of 
zinc  oxide,  lime,  and  glue,  resulted  in  a  light  fluffy  precipitate  sus- 
pended in  the  solution  which  was  difficult  to  filter  and  retained  too 
much  zinc.  No  satisfactory  method  of  purifying  the  solution  of 
silicic  acid  could  be  foimd.  This  resulted  in  the  adoption  of  methods 
of  ore  treatment  that  would  convert  the  zinc  to  a  soluble  form  while 
breaking  up  the  siUcic  acid  by  desiccation. 

Limonite  and  similar  compounds  in  oxidized  zinc  ores  are  readily 
attacked  by  sulphuric  acid  solutions,  with  the  result  that  much  iron 
is  dissolved  and  must  be  removed  before  either  satisfactory  electro- 
lytic or  chemical  precipitation  can  take  place.  The  removal  of 
iron  from  such  solutions,  however,  is  not  difficult  and  has  been  dis- 
cussed sufficiently  in  the  part  of  this  bulletin  on  the  hydrometaUurgy 
of  zinc  sulphide  ore.  The  same  statement  applies  to  the  manganese 
in  these  ores. 

The  precipitation  of  the  various  leaching  solutions  has  been 
hinted  at  during  the  discassion  of  the  leaching.  Precipitation  of 
the5.e  solutions  is  no  different  from  the  precipitation  of  the  solutions 
prepared  from  sulphide  ores,  hence  need  not  be  discussed  at  this 
point  except  where  the  treatment  of  oxidized  ores  may  introduce 
some  new  factor  not  previously  mentioned. 

There  are  no  commercial  plants  in  operation  at  present  for  treating 
oxidized  zinc  ores  by  leaching  and  precipitation.  As  sulphmic 
acid  is  practically  the  only  leaching  agent  used  in  the  United  States, 
and  electrolytic  precipitation  is  the  only  method  in  common  use, 
seemingly  some  plant  for  treating  oxidized  zinc  ores  by  a  combina- 
tion of  tibese  methods  would  have  been  estabUshed  U  the  method 
were  feasible.  The  writer's  experience  in  leaching  raw  oxidized 
zinc  ores  has  been  that  the  difficulty  of  removing  the  siUcic  acid 
makes  purification  of  the  solutions  for  satisfactory  electrolytic  pre- 
cipitation impossible.  The  only  feasible  course  was  to  treat  the 
ore  with  strong  sulphuric  acid  solutions,  and  heat  it  to  about  600°  C. 
in  order  to  break  up  siUcic  acid,  iron  sulphates,  and  similar  unde- 
sirable impurities.  The  leaching  of  this  product  with  water  would 
give  a  good  zinc  sulphate  solution,  but  after  electrolytic  precipita- 
tion the  dilute  sulphuric  acid  solution,  containing  some  zinc  sulphate, 
would  not  be  sufficiently  concentrated  to  treat  the  ore  for  the  first 
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By  C.  P.  Bowie. 


DTTBODTrCTIOir. 

During  the  period  of  10  years  from  January  1, 1908,  to  January  1, 
1918,  approximately  12,850,000  barrels  of  oil  and  5,024,506,000  cubic 
feet  of  gas  were  destroyed  by  fire  in  the  United  States,  entailing  a 
total  estimated  property  loss  of  $25,254,200.  During  this  period  503 
fires*  were  reported.  As  is  shown  in  Plates  I  and  II,  810  of  these 
fires  were  caused  by  lightning  and  193  by  all  other  causes.  The 
losses  from  the  fires  caused  by  lightning  were  estimated  to  be  $11, 
148,000,  and  from  those  due  to  all  other  causes  $14,106,200.  Directly 
and  indirectly,  the  fires  resulted  in  the  deaths  of  nearly  150  persons 
and  were  responsible  for  almost  as  many  more  being  permanently 
disabled. 

For  the  past  three  years  the  Bureau  of  Mines  has  been  conducting 
investigations  to  determine  the  nature  and  the  specific  causes  of 
these  fires,  with  a  view  to  suggesting  means  whereby  they  may  be  suc- 
cessfully combatted  and,  in  some  places,  perhaps  eliminated  entirely. 

As  the  subject  of  oil  and  gas  fires  is  necessarily  broad,  no  attempt 
is  made  in  this  bulletin  to  treat  it  exhaustively ;  rather  the  bulletin 
aims  to  point  out  what  has  been  done  by  operators  in  the  past,  and 
to  describe  various  fire-prevention  methods  and  fire-fighting  appa- 
ratus which  are  being  used  or  adopted  by  many  of  the  larger 
oil  companies.  These  methods  and  apparatus,  it  is  believed,  if  uni- 
versally employed  by  operators,  will  largely  decrease  the  present 
enormous  annual  losses. 

In  the  discussion  of  oil-well  fires,  the  methods  used  in  extinguishing 
several  of  the  larger  and  more  perplexing  ones  are  described.  As 
the  right  procedure  for  extinguishing  any  oil-well  fire  must  be  de- 
termined largely  by  local  conditions,  it  is  not  probable  that  all  of  the 
methods  used  at  some  one  fire,  as  described,  will  be  applicable  to  a 
future  fire.  However,  the  operator,  from  these  descriptions,  may  at 
least  gain  suggestions  that  will  greatly  assist  him  in  fighting  similar 
fires. 

•  Not  Including  small  gasoline  fires. 
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CAUSES  OF  OIL  FIBES. 

Table  1  shows  the  losses  from  the  more  noteworthy  fires  at  oil  and 
gas  wells  during  the  10-year  period  1908  to  1917  inclusive.  It  is  inter- 
esting to  note  that  only  3  fires  were  reported  in  the  Mid-Continent  and 
the  Gulf  fields  during  January  and  only  6  in  December  for  10  years, 
whereas  75  were  reported  for  June;  and  that  during  June  73  out  of 
92,  or  nearly  80  per  cent,  of  the  total  ]:iumber  of  fires  reported  from 
all  fields  were  caused  by  lightning. 
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STEAM  SMOTHEBINO  UNES. 

Hence  the  common  practice  is  to  keep  water  away  from  burning  oil 
tanks  and  to  fight  the  fire  with  steam  fed  into  the  top  of  the  tank 
through  small  pipe  lines  2  or  3  inches  in  diameter.  The  function  of 
the  steam  is  to  fill  that  part  of  the  tank  above  the  oil  and  thus  ex- 
clude air  from  it.  Although  this  system  has  been  successfully  used 
in  extinguishing  numerous  tank  fires  the  writer  believes  that  it  should 
not  be  relied  on  as  a  sufficient  means  for  overcoming  such  fires.  If  a 
tank  has  a  wooden  roof  the  steam  may  repeatedly  extinguish  the  fire, 
and  the  latter  may  be  as  often  reignited  by  embers  falling  from  the 
roof;  even  if  a  tank  has  a  steel  roof,  on  steel  roof  supports,  an  ex- 
plosion of  the  gases  above  the  oil  in  the  tank  may  rupture  the  roof, 
as  often  happens,  and  the  steam  may  escape  through  this  hole  and 
prove  wholly  ineffective. 


To  overcome  this  defect  in  the  application  of  steam  a  so-called 
frothy-mixture  system  of  fire  fighting  has  been  devised,  and  is  now 
being  installed  by  many  of  the  larger  oil  companies.  As  the  writer 
believes  that  this  system  is  to  play  an  important  part  in  reducing 
the  number  of  future  oil  fires,  a  complete  installation  put  in  by  the 
Associated  Pipe  Line  Co.,  at  Coalinga,  Cal.,  is  described  herd  in 
detail,  and  the  most  important  parts  of  the  system  are  discussed  in 
an  endeavor  to  point  out  weaknesses  and  suggest  improvements  for 
future  installations. 

Essentially  this  system  of  fighting  oil  fires  provides  for  brin^g 
together  two  chemical  solutions  and  for  spreading  over  the  surface  of 
burning  oil  the  thick  tenacious  foam  resulting  from  their  combina- 
tion, thereby  excluding*  air  and  extinguishing  the  flame.  The  appa- 
ratus required  in  practice  comprises  in  brief  two  tanks— one  for 
each  chemical  solution — a  suitable  pump,  pipe  lines  to  carry  the  solu- 
tions to  the  oil  tanks  or  reservoirs,  mixing  chambers  where  the  chem- 
icals can  combine,  and  a  means  for  properly  distributing  the  foam. 

FOAMING  SOLUnOKS. 

In  general,  the  solutions  for  producing  the  foam  may  be  any 
two  compounds  that  on  coming  together  form  an  abundance  of 
relatively  tough  bubbles  inflated  with  a  noninflammable  ga&  The 
chemicals  must  be  fairly  cheap;  also  they  must  not  deposit  any 
appreciable  amount  of  sediment  after  having  been  in  solution  fw 
a  considerable  period  of  time.  Usually  the  chemical  constituents 
of  each  solution  are  so  proportioned  that  when  the  two  are  com- 
bined in  equal  parts  a  maximum  amount  of  foam  is  produced*    The 
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proportion  of  froth  to  solution  should  be  about  6  or  8  to  1;  that 
is,  combining  60  c.  c.  of  each  solution  should  produce  600  to  800 
c.  c.  of  foam.  In  the  installation  at  Coalinga  the  following  for- 
mula was  used : 

Solutions  used  at  Coalinga, 


Solution  A. 

Parts  by 
weigbL 
Water 100 

Aluminum  sulphate  (crystal) 10 

Sulphuric  add,  66**  B i 


Solution  B. 

Parts  by 
welghL 
Water 100 

Ground  glue 1{ 

Glucose i 

Sodium  bicarbonate 7J 

Arsenious  oxide ^ 


CAPACrrr  of  solution  tanks. 

The  installation  was  designed  to 'protect  four  55,000-baiTel  oil 
tanks  each  114  feet  6  inches  in  diameter,  one  37,000-barrel  tank  95 
feet  6  inches  in  diameter,  one  SOjOOO-barrel  tank  86  feet  in  diameter, 
and  two  fuel-oil  tanks  each  about  8  feet  in  diameter.  On  an  esti- 
mate of  6  gallons  of  foam  for  1  gallon  of  solution,  to  produce  over 
the  surface  of  all  the  various  tanks  a  blanket  of  foam  5  inches  thick 
in  5  minutes  required  the  delivery  of  each  solution  at  the  following 
rates: 

Solution  required  for  each  tank. 

Gallons  a 
minute. 

55,000-barrel  tank 550 

37,000-barrel  tank 368 

30,000-barrel  tank 308 

Fuel-oil  tanks,  about 6 

On  this  basis  6^00  gallons  of  each  solution  would,  bfe  needed  to 
cover  all  the  tanks  once  with  5  inches  of  foam.  In  order  to  provide 
an  ample  supply  of  solution  and  to  allow  a  reasonable  factor  of 
safety,  it  was  determined  to  use  solution  tanks  15  feet  in  diameter 
by  11  feet  9  inches  in  height,  each  having  a  capacity  of  15,700 
gallons. 

The  tanks  were  made  from  No.  10  U.  S.  gage  galvanized  iron, 
all  seams  riveted  and  soldered.  A  6-inch  suction  outlet  was  placed 
on  the  side  of  each  tank  3  inches  from  the  bottom.  The  tank  for 
solution  B — ^the  soda  solution — had  also  a  8-inch  drain  on  the  bottom. 
The  tank  for  solution  A — the  acid  solution — ^was  lined  with  sheet 
lead  weighing  8  pounds  per  foot,  and  in  lieu  of  a  drain  had  in  the 
bottom,  immediately  beneath  the  hatch,  a  depression  made  by  rivet- 
ing on  a  pan  ^  inch  deep  and  12  inches  in  diameter.  When  the 
tank  has  to  be  emptied  and  cleaned,  the  liquid  below  the  6-inch  side 
outlet  can  be  removed  with  a  steam  ejector,  or  siphon,  having  its  sue- 
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tion  end  placed  in  the  pan.  This  method  was  considered  cheaper 
and  more  satisfactory  than  using  draw-off  pipe,  as  sudi  pipe  would 
have  to  be  of  lead  or  lead  lined. 

The  tops  of  the  tanks  were  made  of  wood  covered  with  roofing 
paper,  the  rafters  being  supported  by  the  tank  shell.  The  tanks  were 
set  on  a  platform  made  of  4-inch  by  12-inch  redwood  planking  laid 
on  mudsills  resting  on  an  earthen  grade  built  up  about  3  feet  aboVe 
the  pump  foundation  so  that  the  solutions  might  flow  to  the  pumps 
by  gravity,  even  when  the  tanks  were  almost  empty. 

FUMPS. 

For  delivering  the  solutions  to  the  various  oil  tanks  two  double- 
suction,  single-stage,  horizontal-shaft,  centrifugal  pumps  are  used 
directly  connected  to  a  110-horsepower,  impulse-type,  steam  turbine, 
the  pumps  and  turbine  being  moimted  on*  one  bedplate.  The  pump- 
ing* unit,  shown  in  Plate  III,  was  designed  to  deliver  550  gallons  a 
minute  against  a  head  of  200  feet  with  a  steam  pressure  of  140  pounds 
per  square  inch.  The  working  parts  of  the  soda-solution  pump  were 
of  ca^  iron;  the  impeller  and  wearing  rings  of  the  acid-solution 
pUmp  were  of  "  acid  bronze." 

PIPING  SYSTEM. 

A  separate  system  of  piping  controlled,  at  the  pump  house,  shown 
in  Plate  IV,  carries  each  solution  to  its  tank,  each  pump  being  so 
connected  as  to  discharge  into  a  manifold  (PL  III,  B)  composed  of 
five  6-inch  cross  valves  placed  end  to  end.  The  soda^-solution  mani- 
fold is  placed  immediately  above  the  acid-solution  manifold,  the 
corresponding  valves  to  each  system  of  piping  being  opposite  each 
other.  The  stems  of  thee^  valves  are  so*  connected  with  sprocket 
chains  that  the  operator  in  opening  the  valve  that  permitsr  the  acid 
solution  to  flow  to  any  given  storage  tank  is  opening,  at  the  same 
time  and  at  the  same  rate,  a  valve  that  admits  soda^  solution  to  the 
same  tank.  This  arrangement  of  sprocket  wheels  and  chains  is 
shown  in  Plate  III,  A.  By  this  means  the  delivery  of  a  proper 
proportion  of  each  solution  is  insured  whenever  pumping  starts. 
Each  valve  is  plainly  marked  with  the  number  of  the  oil  tank  to 
which  it  supplies  solution,  so  that  the  operator  has  complete  control 
of  the  entire  piping  system  and  can  watch  the  pumps  while  remote 
from  the  fire. 

The  pipe  used  was  ordinary  merchantable  galvanized-iron  pipe 
1  to  4  inches  in  diameter,  depending  on  the  required  amount  of  liquid 
to  be  carried.  The  1-inch  pipe,  which  is  taken  off  the  ends  of  the 
manifold,  serves  the  fuel  tanks*  Because  of  the  relatively  high  pro- 
portion of  alkaline  salts  in  the  soils  at  this  station,  all  the  pipes  that 
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were  buried  were  treated  with  a  coat  of  refined  asphaltuin,  wrapped 
with  asbestos  roofing  paper,  and  then  again  coated  with  asphaltum 
before  they  were  covered  with  earth.  All  lines  are  carefully  laid 
on  true  gradients.  At  the  low  points  are  drains,  so  that  after  any 
part  of  the  system  has  been  used  the  solution  remaining  in  any  pipe 
can  be  drawn  off  and  returned  to  its  tank;  the  lines  can  then  be 
flushed  and  the  water  drained  off,  leaving  them  empty  when  not  in 
use. 

The  6-inch  suction  nozzle  from  the  acid  tank  is  lead  lined  to  the  suc- 
tion valve,  about  8  inches  from  the  tank.  The  valve  itself,  shown  in 
Plate  V,  was  specially  constructed  from  a  stock  Crane  6-inch  flanged 
cross  valve  by  replacing  the  disk,  seat,  collar,  and  valve  sleeve  with 
fittings  made  of  an  acid-resisting  metal  that  is  about  5  parts  an- 
timony and  95  parts  lead;  hence  whfin  the  valve  is  closed,  as  it  is 
except  when  the  system  is  in  actual  operation,  all  the  parts  that  oome 
in  contact  with  the  acid  solution  are  acid-resisting.  To  guard 
against  acid  solution  entering  the  iron  piping  if  the  valve  leaks  a 
i-inch  drain  is  provided  in  the  bottom,  which  is  kept  open  when  the 
system  is  not  in  use.  The  water  suction  for  flushing  out  the  system 
is  3  inches  in  diameter  and  is  connected  to  one  run  of  the  valve  on 
the  soda  tank,  as  shown  in  Plate  IV. 

FOAM  MIXING  BOXES. 

For  each  oil-storage  tank  there  is  a  rectangular  mixing  box  made  of 
^-inch  steel  plate  into-  which  the  pipe  lines  leading  to  that  tank 
discharge.  Each  box  on  the  outside  of  the  tank  is  supported  by. 
the  shell  and  extends  about  1  foot  above  the  top  angle  iron,  as  shown 
in  detail  in  Plate  VI.  Plate  VII,  A  shows  a  mixing  box  and  the 
solution  lines  leading  into  it.  The  object  of  having  the  boxes  on  the 
outside  of  the  tanks  is  that  if  the  tank  roof  should  be  wrecked  by  an 
explosion  of  gas  at  the  outset  of  the  fire,  the  boxes  and  piping 
would  be  unharmed  and  would  still  be  able  to  deliver  foam-  upon  the 
blazing  surface  of  the  oil.  The  storage  tanks  have  wooden  roofs 
and  the  foam  is  admitted  through  a  raised  hatchway  (see  PL  VU,  B) 
built  up  about  2  feet  above  the  ori^al  roof. 

The  boxes  for  the  55,000-barrel  tanks  are  4  feet  5  inches  long  by 
2  feet  9  inches  wide  by  2  feet  10  inches  deep,  inside  measurements. 
The  upper  1  foot  of  the  side  toward  the  tank  is  cut  away,  and  a  lip  6^ 
inches  wide  is  riveted  to  the  upper  edge  of  this  short  side.  This  lip 
rests  on  top  of  the  top  angle  iron  of  the  tank.  The  notch,  with  the 
lip  and  a  sheet-iron  apron  about  18  inches  long,  shown  in  Plate  VI, 
form  a  wier  and  a  fiume  through  which  the  foam  is  delivered  into  the 
tank. 
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The  boxes  for  the  37,000  and  30,000-barrel, tanks  are.  of  similar  con- 
struction, but  of  smaller  dimensions.  Those  for  the  fuel-oil  tanks  are 
merely  galvanized-iron  pans  about  14  inches  square  by  10  inches  deep. 
The  box  is  placed  near  the  center  of  the  tank  and  immediately  be- 
neath the  roof,  being  supported  by  the  solution  pipes  themselves. 

The  solutions  enter  the  rectangular  boxes  on  one  side  near  the 
bottom  and  discharge  into  headers  made  of  6-inch  pipe  that  has 
slotted  perforations  on  the  under  side  to  mix  the  solutions  thoroughly 
before  being  discharged  over  the  wier  inta  the  tank. 

FOAM  SLIDES. 

To  insure  the  foam  reaching  the  surface  of  the  blazing  oil  at  what- 
ever depth  it  may  stand  in  the  tank,  without  the  bubbles  being  de- 
stroyed by  the  impact  of  the  drop,  a  series  of  baffles  were  designed. 
Their  construction  is  shown  in  detail  in  Plate  VI.  The  baffles  are  made 
of  No.  10  U.  S.  gage  black  iron  and  are  supported  on  2  by  2  by  J  inch 
angle  irons  which  rests  on  a  shoe  at  the  bottom  of  the  tank.  These 
angle  irons  were  each  made  in  two  lengths  in  order  to  facilitate  their 
being  placed  in  position,  as  the  system  was  installed  years  after  the 
tanks  had  been  built.  Each  leg  is  fastened  to  the  shell  of  the  tank 
ftt  a  point  about  10  feet  from  the  bottom  by  a  2  by  2  by  |  inch  angle. 

The  foam  pouring  from  the  mixing  box  falls  upon  the  uppermost 
bafle  plate.  The  sticky  character  of  the  foam  retards  its  descent,  and 
it  reaches  the  bottom  of  the  tank,  after  having  passed  over  the  series 
of  baffles  at  a  velocity  not  much  greater  than  when  leaving  the  mixing 
box. 

PREFABING  THE  SOLUTIONS. 

In  preparing  the  chemical  compounds,  each  solution  tank  is  filled 
with  water  to  within  about  2^  feet  of  the  top.  In  the  acid  solution 
tank  the  water  is  heated  with  a  steam  jet  to  a  temperature  of  180°  F., 
and  the  aluminum  sulphate  and  sulphuric  acid  added.  While  the 
chemicals  are  being  added,  the  contents  of  the  tank  are  thoroughly 
agitated  with  compressed  air.  In  preparing  the  soda  solution,  the 
ground  glue  is  first  added  slowly  to  the  water  before  heat  is  applied, 
the  liquid  being  constantly  agitated  with  air;  then  the  temperature  is 
raised  to  160°  F.,  the  glucose  and  the  bicarbonate  of  soda  are  put  in, 
and  the  mixture  is  agitated  until  all  three  are  completely  dissolved. 
The  arsenious  oxide  is  added  last.  Both  tanks  are  then  filled  to  the 
top  with  water  and  agitation  continued  until  no  undissolved  chemi- 
cal can  be  detected  in  the  bottom  of  the  tanks  by  stirring  with  a  long 
pole. 

TESTING  THE  SOLUTIONS. 

The  reagents,  particularly  the  glue  in  the  soda  solution,  slowly 
iecompose  so  that  it  is  necessary  to  add  more  from  time  to  time. 


EXTINOUlSSlNO  FIRbS  IN  OIL  TANKS.  15 

For  this  reason  the  solutions  are  tested  about  once  a  month  by  mixing 
together  50  c.  c.  of  each  in  a  graduated  beaker.  If  the  volume  of 
foam  produced  is  less  than  600  c.  c,  the  necessary  components  to 
bring  the  solutions  up  to  specification  are  added. 

TRYING  OUT  THE  SYSTEM. 

No  fires  have  occurred  in  the  plant  since  the  system  was  installed. 
However,  it  has  been  thoroughly  tested  out  on  several  occasions. 
Foam  can  be  delivered  into  the  farthest  SS^OOO-barrel  tank,  470  feet 
from  the  pump  house,  in  1}  minutes  after  the  pumps  are  started, 
and  four  minutes  later  the  entire  surface  of  the  oil  will  be  covered 
with  foam  about  5  inches  in  depth.  The  foam  is  composed  of  minute 
bubbles  and  is  so  tough  and  durable  that  a  considerable  quantity 
will  be  found  on  the  surface  of  the  oil  24  hours  after  it  has  been 
spread. 

CAKE  OF  SYSTEM. 

As  it  is  absolutely  essential  that  such  a  system  be  kept  in  first-class 
condition,  thorough  inspection  is  made  once  a  week.  Each  part  is 
examined  and  tested  to  make  sure  that  it  is  ready  for  successful  opera- 
tion at  a  moment's  notice.  Steam  is  turned  into  the  turbine,  and  the 
pumps  are  run  for  a  few  seconds,  all  valves  are  ^^  cracked  "  and  again 
closed  to  insure  against  the  possibility  of  any  valve  being  stuck  at 
the  crucial  moment,  and  the  mixing  boxes  are  examined  to  see  that 
they  are  clear  of  all  objects  that  might  impede  the  flow  of  foam. 

The  system  was  installed  during  1914.  Its  cost  complete,  includ- 
ing turbine,  pumps,  piping,  tanks,  labor,  etc,  was  approximately 
$8,500,  or  a  little  less  than  3  cents  per  barrel  capacity  of  all  the  tanks 
protected.  As  this  plant  is  an  oil-pumping  station,  steam  is  always 
kept  up,  and  it  is  not  necessary  to  employ  a  man  solely  to  operate  the 
foam  pumps.  The  cost  of  maintenance,  therefore,  is  practically  noth- 
ing, and  the  depreciation  will  be  very  small  for  a  number  of  years  to 
come. 

Biscirssioir  of  "  vrothy-vixtttue  "  systeus. 

The  installation  at  Coalinga  has  been  described  in  detail  because  it 
has  many  commendable  features,  especially  where  only  a  few  tanks, 
not  very  far  apart,  are  to  be  protected.  The  pump  house  is  only  a 
few  feet  from  the  boilers.  The  valves  are  all  within  a  radius  of  a 
few  feet,  and  by  opening  four  valves  (two  at  one  operation)  the 
solutions  are  started  on  their  way  to  whatever  tank  desired.  This 
system,  if  need  be,  can  be  operated  by  one  man,  and  eliminates  the 
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need  of  opening  field  valves,  where  there  is  always  danger  of  a  mis- 
take, particularly  at  night. 

FOAMING  SOLUTIONS. 

Beside  the  formula  used  at  the  Coalinga  plant,  given  on  page  11, 
the  following  have  also  been  used : 

Formulas  for  foaming  solidions, 

FOBXTTLA  1. 

Solution  A.  Solution  B. 

Parts  by  Parts  by 

weight  weight. 

Water 100       Water 100 

Aluminum  sulphate  (crystal) 14       Sodium  bicarbonate 9i 

Extract  of  licorice  (powdered) 3 

FOBXTTLA  S. 

Water 100  Water 100 

Aluminum  sulphate  (crystal) 12  Sodium  bicarbonate 10 

Acetic  acid ^  Ground  glue 1 

Ground  glue : 1  Glucose , | 

Glucose J 

Another  formula  that  is  being  extensively  used  has  for  one  of  the 
components  of  the  soda  solution  (solution  B)  a  so-called  seoondaiy 
extract  of  licorice  root.  The  licorice  takes  the  place  of  the  glue,  and, 
so  it  is  claimed,  will  remain  in  solution  indefinitely  and  will  not 
deteriorate  with  age, 

SOLUTION  TANKS. 

The  capacities  of  the  solution  tanks  depend  on  the  number  of 
square  feet  of  oil  surface  to  be  covered.  On  aji  estimation  that  1 
gallon  of  mixture  (one-half  gallon  of  each  solution)  will  produce  7 
gallons,  or  1,617  cubic  inches  of  foam,  to  cover  the  oil  in  a  65,000- 
barrel  tank  with  6  inches  of  foam  would  require  about  2,800  gallons 
of  each  solution.  To  this  figure,  of  course,  a  reasonable  safety  factor 
should  be  added.  Where  the  number  of  oil  tanks  to  be  protected  is 
small,  as  in  the  installation  described,  the  size  of  the  solution  tanks 
can  be  figured  with  a  reasonable  degree  of  accuracy.  However, 
where  hundreds  of  oil  tanks  are  involved,  as  in  a  large  storage  farm, 
the  sizes  of  the  solution  tanks  become  a  matter  of  judgment,  for  it  is 
unreasonable  to  suppose  that  all  of  the  oil  tanks,  or  even  a  majority 
of  them,  would  become  ignited  ai;  the  same  time. 

The  sulphurous  solution  is  a  weak  acid,  and  consequently  will 
react  on  iron  or  steel.  Hence  the  acid-solution  tank  must  be  made  of 
wood  or  lined  with  some  acid-resisting  material,  such  as  enamel  or 
lead.    In  the  judgment  of  the  writer,  lead  is  superior  to  enamel,  be- 

^ise  it  is  flexible,  and  settling  of  the  tank  or  blows  on  the  shell  will 
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not  crack  a  lead  lining.    However,  lead  is  usually  more  expensive 
as  to  first  cost. 

UMB  WATBB  TANK. 

Some  installations  include  a  tank  of  about  2,000  gallons  capacity, 
containing  lime  water  for  flushing  the  acid  solution  lines  after  use. 

MUONG  TANK. 

Where  the  solution  tanks  are  large,  a  fourth  tank  of  about  the 
same  capacity  as  the  lime  tank  is  often  installed  for  mixing  the 
chemicals,  as  thorough  mixing  can  be  accomplished  more  easily  in  a 
small  tank  than  in  a  large  one.  After  one  solution  has  been  mixed, 
the  tank  is  thorough  cleaned  and  the  other  solution  is  mixed. 

It  has  been  suggested  that  if  two  such  tanks  are  provided,  each 
having  proper  connections  to  the  solution  tanks,  there  is  no  reason 
why  fresh  solutions  can  not  be  mixed,  if  need  be,  during  the 
progress  of  an  unusually  large  fire.  This  suggestion  seems  a  perti- 
nent one,  as  it  solves  the  problem  of  providing  an  ample  supply  of 
chemicals  for  protecting  large  tank  farms  without  the  necessity  of 
tying  up  an  undue  amount  of  capital  in  solutions  and  in  containers 
for  thenL 

FBOTBCnON  FOR  SOLUTION  TANKS. 

The  solutions  will  freeze  at  a  tempersfture  somewhat  below  the 
freezing  point  of  water,  probably  at  about  25^  F.  In  cold  climates, 
theref ere,  protection  against  freezing  is  necessary.  The  tanks  should 
be  housed  and  steam  coils  placed  in  the  houses,  but  not  in  the  tanks, 
as  high  local  heating  is  injurious  to  the  chemical  components  of  the 
solutiana 

PUMPS. 

The  pumps  used  in  the  installation  described  seemed  to  give  satis- 
faction when  the  system  was  tried  out,  but  they  are  not,  in  the  writer's 
opinion,  the  best  type  for  this  kind  of  work.  As  the  chemical  solu- 
tions are  proportioned  with  a  view  of  using  equal  quantities  of  each, 
it  is  important  that  the  pump  accurately  meter  the  liquid  passing 
through  it.  This  can  not  be  done  with  centrifugal  pumps.  A  slight 
increase  of  friction  in  the  discharge  line  from  one  pump  over  the 
discharge  from  the  other  will  be  taken  up  by  slippage  in  the  pump, 
and  unequal  quantities  of  the  solution  will  be  delivered  at  the  mixing 
box.    This  excess  of  one  of  the  solutions  is  entirely  wasted. 

A  duplex  type  of  crank  and  flywheel  pump,  or  a  duplex  power 
pmnp,  using  one  cylinder  for  the  acid  sdiuticxi  and  the  other  for  soda, 
e6a24*— 18 — 8 
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are  much  better  adapted  to  this  service,  as  they  will  measure  the  quan- 
tities pumped  quite  accurately.  Direct-acting,  duplex,  steam  pumps 
are  being  used  in  some  places;  these  are  subject  to  the  same  defects,  by 
reason  of  the  short  stroke,  as  the  centrifugal  pumps,  although  in  less 
degree. 

PIPE  lilNES. 

The  system,  of  having  separate  piping  for  each  tank,  controlled  at 
one  central  station,  is  in  many  ways  an  ideal  one  for  installations  of 
this  character,  but  the  cost  will  become  prohibitive  when  a  large  niun- 
ber  of  tanks  are  to  be  protected.  Where  such  is  the  condition,  main 
headers  of  4  to  6-inch  pipe  are  run  from  the  pump  house  to  various 
parts  of  the  tank  farm,  or  refinery,  and  from  these,  at  points  opposite 
the  respective  tanks,  smaller  lines  convey  the  solutions  to  the  various 
mixing  boxes,  as  illustrated  in  Plate  VIII.  All  valves  are  kept  closed 
when  the  system  is  not  in  use.  When  a  fire  starts,  it  is  necessary  to 
open  field  valves  in  the  vicinity  of  the  blazing  tank  before  foam  can 
be  turned  into  it.  However,  these  valves  are,  or  should  be,  at  a  safe 
distance  from  all  tanks,  so  that  there  can  be  no  danger  to  an  employee 
from  opening  them  when  the  tank  they  supply  is  on  fire.  Also,  any 
large  tank  farm  or  refinery  should  always  have  on  the  premises  a 
number  of  trained  fire  fighters,  who  are  familiar  with  the  valves  and 
the  pipe  lines.  It  is  the  practice  of  most  companies  to  have  the  valves 
and  the  pipe  lines — wherever  they  are  above  ground — carrying  the 
solutions  painted  in  different  colors,  as  bright  yellow  and  bright 
green,  so  that  wherever  a  light  can  be  thrown  upon  them  they  are  at 
all  times  unmistakable.  All  tanks  should  be  plainly  numbered  in 
large  figures,  with  the  corresponding  numbers  on  the  valves  admit- 
ting the  solutions  to  them.  This  is  especially  important  where  the 
valves  are  placed  in  clusters. 

MIXING  CHAMBERS. 

The  mixing  chambers  used  are  of  various  types.  Plate  IX,  A^ 
shows  a  type  in  use  by  a  Texas  company.  This  chamber  consists  of  a 
cast-iron  return  bend  with  one  leg  longer  than  the  other.  The  bend 
is  hung  over  the  top  of  the  tank  shell,  and  the  solutions  enter  by 
separate  pipes  at  the  bottom  of  the  longer  leg,  where  they  are  mixed 
before  being  discharged  into  the  tank. 

Another  type,  shown  in  Plate  IX,  B^  is  made  from  light  sheet 
iron,  and  is  hung  to  the  shell  of  the  tank  on  the  outside.  The  foam 
is  admitted  into  the  tank  just  below  the  top  angle  iron  through  a 
lip  or  nozzle  about  8  inches  long.  The  solutions  enter  the  bottom 
of  the  chamber  as  in  the  type  previously  described.  The  tank  shown 
was  under  construction  and  the  foam  pipes  had  not  been  installed* 
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Still  another  type  is  a  standpipe  about  12  inches  in  diameter 
placed  inside  the  tank  near  the  center  and  extending  up  to  a 
point  a  little  above  the  top  angle  iron.  The  solutions  are  admitted 
into  the  bottom  of  this  pipe  through  the  small  pipes  and  are  allowed 
to  mix  as  they  pass  upward. 

The  essential  points  about  the  mixing  chambers  are:  They  should 
be  so  placed  about  the  tank  as  to  be  reasonably  immune  from  injury 
should  the  roof  of  the  tank  be  wrecked  by  an  explosion ;  they  should 
be  large  enough  to  permit  thorough  mixing  of  the  solutions  before 
discharge ;  and  they  should  be  so  constructed  that  at  whatever  height 
the  oil  stands  in  the  tank  there  is  no  possibility  of  the  discharge  into 
the  tank  being  so  shut  off  that  the  foam  can  not  enter  freely.  As  to 
size,  the  boxes  used  on  the  55,000-barrel  tank  in  the  installation  de- 
scribed seem  by  actual  trial  to  be  amply  large.  When  the  different 
solutions  are  brought  together  the  reaction  is  practically  instanta- 
neous, hence  the  boxes  are  probably  larger  than  is  necessary.  How- 
ever, this  is  an  error  on  the  side  of  safety ;  a  slight  excess  in  capacity 
can  in  no  way  be  detrimental,  and  insures  thorough  mixing  of  the 
solutions. 

FOAM  SLIDES. 

Foam  slides  have  been  omitted  from  all  of  the  more  recent  instal- 
lations, as  experience  has  demonstrated  that  the  bubbles  are  elastic 
enough  to  remain  intact  even  though  they  are  subjected  to  a  sheer 
drop  of  20  feet  or  more. 

AGITATING  THE  SOIiUTIONS. 

In  order  to  insure  uniform  and  thorough  mixing  of  the  solutions 
at  all  times,  each  tank  should  be  equipped  with  a  means  for  agitating 
the  liquids.  This  can  best  be  done  by  running  an  air  line  down  into 
the  tank  at  the  center,  terminating  in  a  side  outlet  cross  resting  on 
the  bottom  of  the  tank.  In  each  horizontal  arm  should  be  placed  a 
short  piece  of  pipe.  Air  should  be  turned  into  this  pipe  about  once  a 
week,  and  the  contents  of  the  tank  thoroughly  agitated. 

FROTHY-MIXTURE  SYSTEMS  IN  GENERAL. 

Aside  from  the  manually  operated  systems  several  types  of  auto- 
matic systems  are  in  use.  However,  as  these  all  work  on  the  same- 
general  principle  as  the  one  described,  so  far  as  the  matter  of  extin- 
guishing the  fire  is  concerned,  they  will  not  be  described  at  length. 
They  depend  on  a  fusible  link,  or  plug,  to  start  the  flow  of  the  foam, 
which  is  maintained  either  by  gravity  or  by  gas  pressure.  Automatic 
systems  would  probably  prove  highly  satisfactory  for  small  installa- 
tions, where  only  two  or  three  isolated  tanks  are  to  be  protected,  but 
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fhe  cost  of  construction,  as  compared  with  manual  control,  becomes 
excessive  where  a  large  number  of  tanks  are  involved. 

AN   OIL  FIB.E  EXTINGUISHED   BY  THE  FBOTHY-lilXTimE 

METHOD. 

The  following  is  an  abstract  from  a  report  by  Supt.  J.  W.  Tryon, 
concerning  a  fire  which  occurred  at  the  Gulf  Refining  Co.'s  plant  at 
Port  Arthur,  Tex.,  in  the  summer  of  1916 : 

The  installation  at  our  Port  Arthur  refinery  consists  of  lour  steam-operated 
foam-pumping  stations,  each  equipped  with  duplex  pumps  built  especially  for 
the  service,  handling  367  gallons  per  minute  of  each  solution  and  two  tanks — 
one  for  each  solution — of  about  600  barrels  capacity.  The  pump  stations  are  so 
located  that  each  one  serves  about  the  same  area.  After  leaving  the  pumps,  the 
solutions  pass  through  6  and  4  inch  main  header  lines,  which  are  tapped  by  2- 
inch  lines  opposite  the  various  tanks  that  convey  the  chemicals  to  the  respective 
foam  boxes. 

The  pumping  plants  are  inspected  daily  by  our  fire  marshal,  and  are  at  aU 
times  maintained  in  perfect  working  order  ready  for  immediate  operation.  Im- 
mediately upon  the  approach  of  a  storm,  certain  employees  are  detailed  to  go  to 
the  pump  houses  and  start  the  pumps,  which  are  equipped  with  by-passes  reliev- 
ing back  into  the  tanks  through  pressure  valves  set  at  S5  or  90  pound  pressure. 
This  assures  prompt  operation,  the  only  thing  necessary  being  the  opening  of 
the  valves  on  the  main  line,  and  on  the  branch  lines  leading  to  the  particular 
tank  where  the  foam  is  required. 

On  the  morning  of  July  10,  1016,  there  were  indications  of  a  storm,  and  the 
pump  houses  were  manned  as  described.  At  10.50  a.  m.  tanks  Nos.  850,  855, 
and  857  were  struck  by  lightning.  No.  850  is  70  feet  by  10  feet,  having  a 
capacity  of  6,780  barrels.  At  the  time  it  was  struck  it  contained  about  5,216 
barrels  of  gasoline  distillate.  Tank  855  is  65  feet  by  10  feet,  with  a  capacity 
of  5,865  barrels,  and  contained  4,061  barrels  of  gasoline  distillate.  Tank  857 
is  00  feet  by  30  feet,  having  a  capacity  of  33,750  barrels,  and  contained  28,409 
barrels  of  gasoline. 

It  Is  impossible  to  say  whether  all  three  of  the  tanks  were  Ignited  by  the 
flash  of  lightning  or  whether  No.  855  was  struck  and  the  fire  communicated 
by  it  to  the  other  tanks.  An  explosion  occurred  in  No.  855,  which  blew  the 
roof  about  eight  feet  into  the  air.  In  faUing  it  broke  in  the  center,  and  most 
of  it  settled  beneath  the  contents  of  the  tank;  however,  some  of  the  wooden 
rafters  extended  over  the  edge. 

The  instant  after  the  explosion  the  entire  contents  of  tank  No.  855  were 
blazing  furiously.  The  roof  of  tank  No.  850  appeared  to  be  intact,  but  was 
burning  all  around  the  eaves.  The  roof  of  No.  857  was  cocked  up  in  several 
places  and  was  burning  fiercely. 

Immediately  after  the  tanks  were  <?truck  the  pumper  opened  the  valves  on 
the  main  lines,  the  fire  marshal  opened  the  valves  to  No.  857  and  the  foam  was 
started  into  this  tank.  At  11  o*clock.  10  minutes  after  the  fire  started,  there 
was  no  evidence  of  fire  in  tank  No.  857.  The  foam  was  then  started  into  850 
and  855,  and  the  fires  in  both  promptly  extinguished — 855  was  entirely  under 
control  by  11.15  and  850  by  11.20. 

The  steps  leading  to  tank  No.  855  were  not  burned  away,  and  an  exceUent 
opportunity  was  afforded  to  watch  the  action  of  the  foam.  Everything  worked 
exactly  as  we  had  expected  it  to  work.     An  excellent  heavy  foam  poured 
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out  from  the  mixing  boxes  in  great  volume,  and  within  five  minutes  after  start- 
ing it  into  tank  855  there  was  a  blanket  about  6  inches  deep  of  it  over  the  entire 
surface  of  the  oil.  This  being  the  tank  in  which  the  explosion  occurred,  the 
flow  of  foam  was  somewhat  impeded  by  the  protruding  rafters,  but  it  gradually 
closed  in  and  shut  off  the  fire  entirely.  The  fire  in  the  rafters  was  put  out  by 
spraying  water  on  them. 

Plate  X,  A  shows  the  condition  of  the  foam  on  the  surface  of  the 
oil  after  the  fire  had  been  extinguished  and  Plate  X,  B  shows  the  out- 
side of  the  tank  and  the  wooden  stairway,  which  was  still  intact. 
The  report  continues : 

This  was  our  first  occasion  for  using  foam  on  an  actual  fire.  We  desired  to 
avoid  the  possibility  of  failure,  and  therefore  proceeded  very  deliberately,  and, 
no  doubt,  used  considerably  m<)re  foam  than  was  necessary.  I  believe  that 
if  it  should  again  become  necessary  to  use  this  system  we  will  be  able  to 
reduce  the  time  required  to  extinguish  a  tank  fire  and  that  we  will  also  be 
able  to  reduce  very  materially  the  quantity  of  solutions  used. 

Damage  done  by  the  fire  was  limited  to  two  wooden  roofs  and  some  slight 
damage  to  the  top  rings  of  two  of  the  tanks.  Of  the  total  contents  of 
the  three  tanks,  37,686  barrels,  there  was  a  loss  of  but  191  barrels.  Without 
the  foam  the  minimum  loss  would  probably  have  been  19,000  barrels,  with  a 
possibility  of  a  very  much  larger  loss.  We  believe  this  system  to  be  an  excel- 
lent practical  solution  of  the  problem  of  extinguishing  tank  fires  if  it  is  prop- 
erly instaUed  and  operated. 

ALL-STEEL  TAKES. 

The  reader  will  notice  that  the  tanks  that  Mr.  Tryon  has  described 
had  wooden  roofs  covered  with  roofing  paper.  So  far  as  the  writer 
is  able  to  determine,  all  of  the  tanks  that  have  been  ignited  by  light- 
ning in  the  past  had  wooden  roofs  covered  with  roofing  paper,  or 
sheet  iron  in  bad  condition,  permitting  the  light  hydrocarbon  gases 
to  pass  freely  between  the  sheets,  so  that  at  all  times  a  stream  of  in- 
flammable gases  might  be  rising  from  all  parts  of  the  roof.  Many 
of  the  oil  operators  believe  that  during  a  thunder  storm  it  is  not 
necessary  that  a  tank  should  be  actually  struck  by  lightning  for  its 
contents  to  be  set  on  fire.  The  writer  has  talked  with  numerous  per- 
sons who  claim  that  they  have  seen,  after  a  flash  of  lightnings  what 
they  described  as  a  ^^pillar  of  fire  "  extending  above  a  tank  just  before 
the  tank  burst  into  flames. 

In  view  of  the  fact  that  storm  clouds  in  the  Mid- West  flelds  often 
sweep  very  low,  and  that  several  instances  have  been  noted  where 
ignited  tanks  have  burned  quietly  without  the  roof  or  shell  being 
disrupted,  it  is  possible  that  the  condition  described  is  true.  It  is 
easy  to  conceive  of  atmospheric  conditions  «being  such  that  a  storage 
tank  with  a  leaky  roof  would  be  surrounded  with  a  highly  inflamma- 
ble mixture  of  hydrocarbon  gas  and  air,  also  that  the  gaseous  stratum 
might  extend  a  considerable  distance  from  the  tank,  even  communi- 
cating with  bodies  of  similar  gases  from  other  storage  tanks  situated 


22  EXTINGUISHING  AND  PREVENTING  OIL  AND  GAB  PIHES. 

at  a  considerable  distance.  Discharges  of  electricity  from  one  part  of 
a  low  sweeping  cloud  to  another  would  serve  to  ignite  the  gas,  and, 
all  conditions  being  favorable,  the  fire  would  follow  the  stratum  of 
gas,  igniting  the  tank  from  which  the  gas  issued,  or  perhaps  a  num- 
ber of  tanks. 

To  overcome  this  condition,  the  Texas  Co.  at  its  storage  farms 
along  the  Gulf  of  Mexico  is  constructing  gas-tight  all-steel  tanks 
having  pne  12-inch  vent  (shown  in  PI.  XI,  A)  leading  from  the 
roof  of  the  tank  and  terminating  outside  the  fire  levee  in  a  stand- 
pipe  about  10  feet  high.  On  top  of  the  standpipe  is  a  tee  having 
a  plug  screwed  into  one  end  and  a  ^ort  piece  of  pipe  in  the  other ;  on 
the  end  of  this  pipe  is  a  pair  of  flanges  which  hold  a  fine  mesh  wire 
gauze.  The  tank  is  fitted  with  four  explosion  doors,  one  of  which  is 
shown  in  detail  in  Plate  XI,  B.  The  roof  of  the  tank  being  gas 
tight,  all  the  gases  arising  from  the  bil  are  forced  to  pass  out 
through  the  12-inch  pipe.  Should  the  column  of  gases  from  this 
pipe  be  ignited  by  lightning,  or  by  any  other  means,  the  fire  would 
not  pass  through  the  wire  gauze  and  could  be  extinguished  by  plac- 
ing a  blanket  over  the  outlet  of  the  pipe.  If  the  flame  should  pene- 
trate beyond  the  gauze  into  the  tank,  the  explosion  doors  would 
relieve  the  pressure  and  on  falling  back  into  position  would  shut 
off  the  air  and  extinguish  the  fire.  Up  to  the  present  time  none  of 
the  tanks  equipped  in  this  manner  have  been  struck  by  lightning. 
A  decided  improvement  on  this  system  would  be  to  pass  the  gases 
discharged  from  the  standpipes  through  a  condenser,  or  absorber, 
or  otherwise  usefully  dispose  of  them,  thus  eliminating  the  pos- 
sibility of  fire  from  vapors  escaping  into  the  atmosphere,  besides 
saving  the  gases. 

The  writer  believes  that  an  all-steel  tank  equipped  in  this  way, 
and  having  explosion  doors  and  a  proper  "  frothy-mixture "  system 
if  ignited  by  lightning  or  otherwise,  could  almost  surely  be  saved 
with  practically  its  entire  contents.  If  it  were  not  for  the  pos- 
sibility of  an  explosion  of  gas  disrupting  the  roof,  steam  would  doubt- 
less be  as  effective  as  foam. 

Sometimes  tanks  without  gas-tight  roofs  catch  fire  at  the  leaky 
places,  such  as  the  eaves,  and  bum  for  several  moments  before  the 
oil  itself  bursts  into  flame.  Such  fires  have  been  extinguished  by 
smothering  the  blaze  with  blankets.  However,  this  practice  leads 
the  fire  fighters  into  great  danger  and  should  be  condemned. 

EZTIHOXnSHINO  GAS-WELL  FIBES. 

Fires  at  gas -wells,  except  at  wells  producing  large  volumes  of  gas, 
are,  as  a  rule,  not  particularly  difficult  to  overcome  if  the  gas  can  be 
confined  in  one  stream,  because  if  the  flow  can  be  cut  off  for  an  instant 
'he  flame  will  be  extinguished.    Control  of  the  gas  flow,  however. 


A.    CONDITION  OF  FOAM  ON  SURFACE  OF  OIL  AFTER  FIRE  HAD  BEEN   PUT  OUT. 


S.    OUTSIDE  OF  TANK  AFTER  FIRE  HAD  BEEN   PUT  OUT. 
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is  sometimes  very  difficult,  as  is  shown  ^  by  a  fire  at  a  gas  well  of  the 
Standard  Oil  Co.  of  California  near  Taft,  Cal.,  in  July,  1916.  The 
well  was  making  about  20,000,000  cubic  feet  of  gas  daily  and  was 
being  brought  under  control  at  the  time  it  caught  fire.  A  gate  valve 
had  been  placed  on  one  of  the  strings  of  casing;  gas  was  escaping 
through  the  gate  valve  and  on  the  outside  of  this  casing.  The  casing 
beneath  the  valve,  owing  to  the  heat  of  the  fire  and  the  weight  of 
the  valve,  partly  failed,  permitting  gas  to  escape  laterally  at  high 
velocity  through  numerous  cracks.  The  flame  was  then  so  large  that 
it  could  not  be  smothered  with  steam.  In  order  to  bring  the  gas  into 
one  stream  again,  the  casing  was  cut  beneath  the  gate  valve  with  a 
rifle,  about  40  shots  being  required. 

When  the  gas  flow  has  been  confined  in  one  stream  the  flame,  un- 
less it  is  very  small,  will  always  be  some  distance  above  the  casing. 
The  greater  th^  pressure  on  the  gas  the  longer  this  column  of  un- 
bumed  gas  will  be.  If  enough  steam  or  water  can  be  directed 
against  this  part  of  the  gas  column  to  interrupt  the  stream  of  ascend- 
ing gases  momentarily  even  the  largest  fire  will  be  put  out.  As  there 
are  no  particles  of  blazing  fluid  dropping  from  the  flame,  and  as 
the  casing  head  and  the  ground  in  the  vicinity  of  the  well  will  seldom 
be  hot  enough  to  reignite  the  gas,  there  is  little  danger  of  the  flame 
being  rekindled.  However,  it  is  a  wise  precaution  to  thoroughly 
spray  the  casing  head  and  the  groimd  adjacent  to  it  with  water  just 
before  the  steam  or  water  is  turned  onto  the  gas  column. 

STEAM  METHOD. 

In  putting  out  gas- well  fires  with  steam,  the  usual  practice  is  to 
set  up  portable  field  boilers  in  the  vicinity — sometimes  as  many  as 
20  are  required — ^and  surround  the  burning  well  with  steam  pipes. 
The  pipes  terminate  in  goosenecks  having  discharge  ends  so  flattened 
as  to  throw  a  fan-shaped  spray  of  steam  against  the  gas  column. 
The  lines  are  usually  screwed  together  at  a  safe  distance  from  the 
well  and  pushed  into  position,  or  the  men  are  protected  from  the  heat 
by  sheet-iron  or  asbestos  shields,  and  water  is  continually  sprayed  on 
them  as  they  work.  When  all  is  in  readiness,  steam  is  turned  on 
from  all  boilers  simultaneously.  If  the  volume  is  sufficient,  a  blanket 
or  cloud  of  steam  will  be  formed  and  momentarily  interrupt  the  gas 
stream  just  above  the  head  of  the  casing,  and  the  fire  will  be  extin- 
guished. 

WATER  COKVEBTED  INTO  STEAM. 

A  method  *  used  on  a  burning  gas  well  near  Monroe,  La.,  in  June, 
1917,  by  William  Guerin,  formerly  of  the  New  York  Fire  Depart- 

•  Editorial,  Blaze  of  gasser  out  after  five  days*  Are :  Oil  and  Gas  Jour.,  yo\.  15,  July, 
1916.  p.  32. 
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ment,  is  worthy  of  note.  The  well  was  estimated  to  be  making 
40,000,000  cubic  feet  of  gas  daily.  For  the  protection  of  the  men 
two  fibields  were  pushed  to  within  a  few  feet  of  the  well.  Two 
|-inch  jets  of  water  under  a  pressure  of  about  40  pounds  were  so 
directed  against  the  column  of  gas  immediately  above  the  carang  that 
they  converged  from  an  angle  of  about  90  degrees.  The  nozzles  wwe 
then  slowly  raised  until  the  streams  played  on  the  base  of  the  flame. 
Then  the  men  handling  the  hose  pressed  their  thumbs  against  the 
nozzles,  making  a  fan-shaped  spray.  The  spray,  on  striking  the  base 
of  the  flame,  was  rapidly  converted  into  a  cloud  of  steam  which  rose 
beneath  the  flame  and  put  it  out 

HOOD  XETHOB. 

H.  O.  Ballard,  of  the  Empire  Gas  &  Fuel  Co.,  has  adapted  the 
familiar  snuffer  principle  to  a  portable  extinguisher,  which  has 
been  successfully  used  on  small  gas  fires.  This  extinguisher  is 
shown  in  Plate  XII,  A.  The  hood  is  mounted  on  wheels  and  termi- 
nates in  a  valve  to  which  is  attached  a  piece  of  14-inch  pipe  about 
20  feet  long.  The  pipe  can  be  extended  to  any  desired  length  by 
screwing  on  more  joints. 

On  either  side  of  the  hood,  midway  of  its  height,  is  a  short  piece 
of  10-inch  pipe  also  containing  a  valve.  The  hood  is  taken  to  the 
site  of  the  burning  welL  The  desired  extension  is  added  to  the 
14-inch  pipe,  the  large  valve  is  opened,  the  two  small  valves  closed. 
The  hood  is  then  upended  over  the  fire  by  means  of  guy  wires  and 
block  and  tackle.  The  successive  steps  in  this  process  are  shown  in 
Plates  XII,  5,  Xm,  A,  XIII,  B,  XIV,  Ay  and  XIV,  B.  When  the 
hood  has  reached  the  vertical  position,  if  the  fire  is  a  small  one,  the 
lower  valves  are  opened  and  the  large  one  closed,  thereby  cutting 
off  the  flame.  If  the  flow  of  gas  is  so  strong  that  the  discharge  from 
the  10-inch  pipes  may  reach  the  top  of  the  stack  and  ignite  before  the 
large  valve  can  be  closed,  the  10-inch  pipes  are  extended  to  a  safe 
distance  from  the  well  before  the  valves  are  manipulated. 

This  principle  has  also  been  successfully  used  with  some  very 
large  gas  fires.  Max  Moore,  an  oil  operator  of  Tulsa,  Okla.,  applied 
it  in  1914  to  a  well  which,  after  the  fire  was  extinguished,  was 
found  to  be  producing  at  the  rate  of  500  barrels  of  oil  and  40,000,000 
cubic  feet  of  gas  daily.  It  so  happened  that  the  well  was  in  a  river 
bed,  the  banks  being  about  40  feet  higher  than  the  base  of  the  derrick. 

A  wire  cable  was  stretched  from  bank  to  bank  in  sucb  ar  position 
as  to  pass  just  outside  the  stream  of  blazing  gas.  A  hood  made  by 
riveting  a  funnel-shaped  piece  of  pipe,  the  large  diameter  of  which 
was  about  5  feet,  to  an  ordinary  36-inch  smokestack,  was  hung  from 
pulleys  oil  the  wire  cable,  drawn  over  the  burning  well,  and  placed 
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in  position.  Plate  XV  shows  the  stack  nearing  the  fire,  and  Plate 
XVI  shows  it  in  position  with  the  blazing  column  of  gas  issuing 
from  the  top. 

The  ground,  rig  irons,  and  the  base  of  the  hood  were  then  thor- 
oughly cooled  by  spraying  with  large  quantities  of  water.  The  top 
of  the  stack  was  then  drawn  over  at  a  considerable  angle  and  the 
base  was  quickly  removed  from  the  well,  thereby  cutting  off  the 
supply  of  gas  through  the  stack  and  extinguishing  the  fire. 

EXTDTQinSHnrQ  OIL-WELL  HSES. 

Oil-well  fires  are  often  much  more  difficult  to  overcome  than  gas- 
well  fires,  because  the  well  may  be  producing  in  such  large  quantities 
that  the  oil  is  not  all  consumed  in  one  tapering  flame,  as  with  gas, 
but  may  flow  away  in  a  blazing  mass  for  a  considerable  distance. 
Also,  the  burning  oil  soon  heats  the  ground  around  the  well  so  hot 
that  no  matter  how  often  the  fire  may  be  extinguished  it  will  imme- 
diately reignite. 

Thus,  no  definite  rules  can  be  given  for  combatting  fires  at  oil 
wells,  as  each  burning  well  presents  a  problem  of  its  own.  The 
following  descriptions  of  methods  that  have  been  successfully  used 
are  given,  as  has  been  stated,  not  with  the  belief  that  any  one  of  these 
could  be  successfully  applied  to  some  other  fire,  although  it  might 
be,  but  with  the  hope  that  the  ideas  presented  may,  when  used 
singly  or  in  combination,  be  of  service  to  operators  in  dealing  with 
such  fires  in  the  future. 

METHODS  USED  BY  C.  P.  CLAYTOlir. 
METHOD  USED  ON  A  FIBE  AT  A  WELL  IN  TEXAS. 

C.  P.  Clayton,  superintendent  of  the  Producers  Oil  Co.,  gives  the 
following  account"  of  an  oil-well  fire  in  the  Humble  field,  Texas, 
which  was  extinguished  imder  his  supervision  in  February,  1916. 

The  well  had  been  flowing  for  two  days  and  was  making  about 
6,000  barrels  daily.  It  was  being  brought  imder  control  at  the  time 
the  fire  occurred,  and  most  of  the  oil  was  discharging  through  a  6-inch 
flow  line  extending  about  20  feet  from  the  head  of  the  casing.  Im- 
mediately over  the  well,  about  6  feet  above  the  derrick  floor,  oil 
was  discharging  through  a  2-inch  opening  in-  a  4-inch  tool  joint  at 
the  rate  of  about  100  barrels  per  hour.  The  fire  was  caused  by  an 
electric  spark  in  repairing  a  broken  power  line  on  the  derrick  floor. 

The  well  was  situated  in  a  heavily  timbered  country,  and,  as  a  first 
precaution,  all  timber,  stumps,  and  other  infiammable  material  were 
removed  from  the  vicinity.    Twenty-nine  portable  field  boilers  were 

*  See  also  Hazlett,  A.  J.,  Ingenions  method  used  to  extlngalsh  burning  gusher  at  Hum- 
ble :  Fuel  Oil  Journal,  vol.  7,  March,  1010,  pp.  78-79. 
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theQ  set  up,  and  a  network  of  4-inch  and  2-inch  steam  lines  laid  about 
the  well.  Also,  connections  were  made  to  seven  boilers  already  in- 
stalled at  near-by  drilling  wells,  and  seven  2-inch  water  lines  were 
laid.  While  this  was  being  done  a  circular  levee  about  3  feet  high 
was  thrown  up  around  the  well,  at  a  distance  of  about  50  feet  from  it. 
Opposite  the  flow  line  a  ditch  218  feet  long  and  4  feet  wide  at  the 
top,  tapering  to  a  depth  of  about  4  feet,  was  dug,  which  opened  into 
a  circular  ditch  of  about  the  same  depth  and  having  for  its  outer 
circumference  a  radius  of  about  75  feet.  This  arrangement  is  shown 
graphically  in  figure  1.  The  straight  ditch  was  then  covered  with 
corrugated  iron,  upon  which  was  placed  about  2  feet  of  earth. 
A  piece  of  86-inch  smokestack  was  then  placed  in  the  mouth  of  this 
ditch  and  shoved  up  to  within  about  25  feet  of  the  end  of  the  flow  line. 
When  all  was  in  readiness,  an  asbestos-lined  swedge^  nipple  about 
8  inches  in  diameter,  attached  to  80  feet  of  3-inch  pipe,  was  placed 
over  the  spray  of  burning  oil  discharging  from  the  tool  joint.  This 
was  done  by  men  working  from  behind  a  corrugated  iron  shield,  as 
shown  in  Plate  XVII.  At  the  second  attempt  this  part  of  the  fire 
was  quenched  and  the  oil  discharging  at  this  point,  or  the  greater 
part  of  it,  was  made  to  flow  through  the  3-inch  pipe.  Immediately 
the  steam  and  water  was  turned  on  the  blaze  at  the  end  of  the  flow 
line  (the  men  advancing  behind  shields)  in  such  a  manner  as  to  drive 
the  flame  into  the  mouth  of  the  36-inch  stack  and  extinguish  it.  The 
men  protected  their  hands  with  gunny  sacks  and  asbestos  shields,  and 
streams  of  water  were  continually  sprayed  upon  them  as  they  ad- 
vanced. The  preparatory  work  required  about  17  hours;  the  actual 
quenching  of  the  flames  about  15  minutes. 

METHOD  X7SED  AT  A  FIRE  AT  A  WELL  IN  LOUISIANA. 

Mr.  Clayton  also  describes  a  method  used  by  him  to  extinguish 
an  oil-well  fire  in  Caddo  Parish,  La.,  in  1911.  This  well  burned 
26  days,  2  hours  and  10  minutes,  and  when  the  fire  had  been  put  out, 
a  gage  record  showed  a  productioi^  of  48,000  barrels  daily.  The 
discharge  was  so  great  that  the  oil  was  not  all  consumed  imtil  some 
of  it  had  flowed  a  distance  of  more  than  100  feet  from  the  well. 

Thirty-six  boilers  were  erected  and  the  fire  fought  with  steam  for 
six  days,  but  without  success.  At  the  end  of  this  time  this  method 
was  abandoned  and  a  circular  levee  about  3  feet  high  and  200  feet 
in  diameter  was  thrown  up  around  the  well,  which  formed  a  pond 
of  blazing  oil  in  which  all  the  flow  was  consumed. 

The  well  being  on  a  hillside,  a  tunnel  4  by  6  feet  by  328  feet  long 
was  driven  (see  fig.  2),  striking  the  outer  casing  at  a  point  18  feet 
below  the  surface,  measured  to  the  center  of  the  face  of  the  tunnel. 
The  well  contained  three  strings  of  casing,  10-inch,  8-inch,  and  6 
inch.    A  split  clamp  was  placed  aroimd  the  10-inch  casing,  and  to 
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this  was  attached  a.  string  of  6-inch  pipe  extending  beyond  the  mouth 
of  the  tunnel.  An  especially  constructed  4-inch  bit,  shown  in  Plate 
XVin,  A  J  was  made  from  a  case-hardened  nipple.  This  bit  had 
in  one  side  a  hole  2  inches  square  and  was  screwed  onto  the  end  of  a 
string  of  4-inch  pipe;  the  joints  of  the  pipe  after  being  screwed 
ti^tly  together,  were  also  riveted.  This  string  was  placed  inside 
the  6-inch  pipe  and  was  fitted  on  the  outer  end  with  a  cap  and  a 
sprocket  wheel  to  which  was  attached  a  rotary  chain  drive.  A  dead- 
man  was  set  opposite  the  end  of  the  pipe  and  a  jack  set  between  it 
and  the  cap. 

The  chain  drive  was  then  set  in  motion  and  a  hole  drilled  through 
the  casings.  Careful  measurements  were  kept  on  the  jack  as  the 
4-inch  line  advanced,  so  that  the  opening  in  the  bit  would  be  stopped 
as  nearly  as  possible  in  the  center  of  the  6-inch  casing.  When  this 
p6int  was  reached,  the  bit  was  turned  so  that  the  hole  was  ^^  looking  '* 
down  into  the  well.  A  circulating  pump  was  connected  with  the 
4-inch  pipe  and  asbestos  shavings  forced  through  it  under  a  pressure 
of  1,200  pounds  per  square  inch.  After  this  had  been  done  for  a  few 
minutes  the  pipe  was  so  turned  that  the  hole  in  the  bit  was  on  top  and 
the  flow  of  the  well  was  shut  off.  The  oil  on  the  surface,  inside  the 
levee  was  soon  consumed  and  the  fire  extinguished  from  lack  of  fuel. 

In  discussing  this  method,  Mr.  Clayton  states  that  the  tunnel, 
where  it  intersected  the  casing,  was  too  near  the  surface.  He  thinks 
the  distance  should  have  been  at  least  80  feet,  as  several  of  the  men 
in  placing  the  split  clamp  were  almost  overcome  by  the  heat  and 
gas  fumes.  Also,  the  tunnel  was  too  small.  Had  it  been  6  feet  by 
6  feet  instead  of  4  feet  by  6  feet  the  labor  of  driving  it  and  of  placing 
the  6-inch  pipe  would  have  been  greatly  facilitated  and  the  time 
reduced. 

METHOD  USED  BY  M.  E.  LOMBABDI. 

M.  E.  Lombardi,  superintendent  of  construction  of  the  fuel-oil 
department  of  the  Southern  Pacific  Eailroad,  describes  an  oil  fire 
extinguished  under  his  direction  which  occurred  in  the  Midway  oil 
field,  California,  in  1913. 

The  well  had  been  drilled  by  the  rotary  system  and  caught  fire 
just  after  it  had  unexpectedly  started  flowing,  so  the  rotary  table 
was  still  in  place.  After  the  floor  of  the  derrick  had  burned  the 
table  crumpled  the  end  of  the  casing,  which  extended  several  feet 
above  the  ground,  until  the  table  rested  on  the  ground.  This  formed 
a  baffle  and  the  oil  spurted  out  laterally  with  such  force  that  before 
long  a  crater  about  50  feet  wide  by  40  feet  deep  was  formed. 

A  large  nimiber  of  field  boilers  were  set  up  near  the  well  and  the 
usual  method  of  applying  steam  and  water  resorted  to.  The  fire  was 
repeatedly  extinguished,  but  the  sides  of  the  crater  had  become  so 
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hot  that  the  gas  and  the  oil 
were  reignited  as  soon  as  the 
blanket  of  steam  lifted. 

The  well  was  on  a  hillside 

and  the  soil  was  a  heavy  clay. 

A  pit  about  50  feet  in  diameter 

and  3  feet  deep  was  dug  in  the 

hillside  about  300  feet  from  the 

well  and  about  30  feet  above  it. 

In  this  pit  mud  was  mixed, 

fluid  enough  to  flow  freely,  and 

the    mixture    was    discharged 

into  the  blazing  crater.     The 

^    pit  was  filled  and  emptied  three 

5    times  in  quick  succession.    The 

I    third  application  permanently 

S    extinguished    the    flames,    the 

*     steam    formed   bj    the   drying 

I    mud  cooling  the  walls  of  the 

5    crater  below  the  point  where 

5    they    would    r«ignite   the    oil. 

°    This  method  is  shown  in  fig- 

3    ure  3. 

I  The  fire  burned  16  days  and, 
■S  when  finally  conquered,  the  well 
^  was  found  to  be  flowing  at  the 
°  rate  of  about  1,000  barrels 
I  daily.  The  condition  of  the 
^  well  after  the  fire  had  been 
I  extinguished  is  shown  in  Plate 
-  XIX. 
I 

£    MBCEXJiAMEOTJS    TTRK    HAZ- 
ARDS Am)  FBETEnnONS. 


To  prevent  the  starting  of 
fires  by  frictional  electricity  in 
filtering  gasoline,  as  described 
at  the  beginning  of  this  paper, 
the  use  of  chamois  skin  for 
straining  gasoline  should  be 
done  away  with  entirely;  only 
fine  wire  gauze  should  be  used. 
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In  fact,  many  cities,  especially  throughout  the  New  England  States, 
have  ordinances  prohibiting  the  use  of  chamois  skin  for  this  purpose. 

For  drawing  gasoline  from  pumps  buckets  having  wooden  bails 
should  not  be  used,  neither  should  wood  or  any  other  insulating 
material  be  used  to  support  the  funnel  in  an  upright  position  when 
gasoline  is  being  poured  through  it  into  the  tank  of  a  car.  The 
metal  of  t^e  funnel  should  invariably  be  in  contact  with  the  metal 
of  the  gasoline  tank,  and,  if  necessary,  a  copper  chain  long  enough 
to  rest  on  the  bottom  of  the  tank  shoxdd  be  soldered  or  riveted 
to  the  bottom  of  the  funnel  spout  to  insure  contact. 

The  Shell  Co.  of  California  uses  spouts  with  copper  chains  sol- 
dered to  them  for  filling  its  tank  trucks,  and  insists  that  the  chain,  be 
in  contact  with  the  bottom  of  the  tank  before  the  gasoline  is  turned 
on.  This  company  also  takes  the  precaution  to  ground  its  trucks 
whenever  they  are  stabled  in  the  garage,  to  make  sure  that  any  static 
electricity  which  has  accumulated  in  them  will  be  drawn  off. 

Where  rubber  hose  is  used  for  conveying  gasoline,  the  discharge 
end  should  be  provided  with  a  metal  spout  or  nozzle  which  has  a 
metallic  connection,  such  as  copper  wire,  with  the  coupling  on  the 
other  end.  When  the  gasoline  tank  on  a  car  is  being  filled,  the  nozzle 
of  the  hose  should  be  in  actual  contact  with  the  metal  of  the  tank, 
and  the  container  from  which  the  gasoline  is  being  drawn  should 
be  carefully  grounded  so  that  static  electricity  generated  by  the  gaso- 
line flowing  through  the  hose  into  the  tank  will  be  drawn  off  to  the 
container  and  groimded  without  the  formation  of  a  spark.  These 
same  precautions  apply  to  gasoline  filling  stations  for  railroad  cars 
and  tanks  on  automobile  trucks. 

For  putting  out  small  gasoline  fires,  especially  fires  on  the  floor,* 
sawdust  works  surprisingly  well.  The  sawdust  floats  for  a  time  on 
the  surface  of  the  burning  liquid,  forming  a  blanket  which  excludes 
the  air  and  smothers  the  flame.  Whether  the  sawdust  is  from  hard 
or  soft  wood  appears  to  make  little  or  no  difference,  and  dry  sawdust 
seems  to  serve  as  well  as  moist. 

Mixing  sodium  bicarbonate  with  the  sawdust,  in  about  the  pro- 
portion of  8  pounds  of  carbonate  to  1  cubic  foot  of  sawdust,  increases 
its  eflScacy.  This  mixture  has  been  used  quite  extensively  in  large 
manufacturing  establishments  for  extinguishing  fires  in  oils  and 
volatile  liquids.  In  large  tanks,  especially  of  gasoline,  sawdust  is 
not  a  success  because  it  will  sink  before  the  whole  surface  can  be 
covered. 

Where  sawdust  and  bicarbonate  are  used,  the  mixture  should  be 
stored  in  conveniently  placed  cans  of  suitable  sizes,  provided  with  a 
wide  door  in  the  side  near  the  bottom,  and  a  scoop  shovel,  so  that 
the  material  can  be  spread  rapidly  when  required.    Where  these  con- 

«  Barrier,  E.  A.,  Extinguishing  fires  in  oils  and  volatile  liquids  in  point  and  varnish 
manufactories :  American  Paint  Jour.,  April  9,  1917. 
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tainers  are  not  too  large,  say  3  feet  square,  there  is  no  danger  from 
spontaneous  combustion.  However,  sawdust  alone,  if  it  becomes 
soaked  with  oil  drippings,*  will  soon  begin  to  smolder  and  in  time 
will  burst  into  flames  as  oily  waste  will  do. 

Carbon  tetrachloride,  as  put  up  by  some  manufacturers  in  x>ort- 
able  containers  of  the  force  pump  type,  is  useful  in  fighting  small 
fires.  Carbon  tetrachloride  is  a  water-white  liquid  that  is  non- 
inflammable  and  is  a  poor  conductor  of  electricity ;  it  has  a  specific 
gravity  of  1.632  at  32°  F.,  aAd  is  readily  miscible  with  oils.  When 
put  up  in  commercial  extinguishers  it  is  usually  mixed  with  some 
agent  such  as  chloroform,  or  acetylene  chloride,  which  reduces  the 
freezing  point  to  20  or  30  deg^'ees  below  zero. 

The  specific  gravity  of ,  its  vapor  is  about  6^  times  that  of  air. 
When  applied  to  burning  oil,  carbon  terachloride  tends  to  extinguish 
the  fire  in  two  ways,  by  mixing  with  the  oil,  thereby  diluting  it,  and 
also  by  forming  a  blanket  of  noncombustible  gas  which  excludes  the 
air.  When  it  is  heated  the  unconsumed  particles  of  carbon  cause  a 
dense  black  smoke.  The  fumes  are  pungent,  but  brief  exposure  to 
them  does  not  cause  permanent  injury.  For  best  results,  carbon  tet- 
rachloride should  be  sprayed  on  the  edges  of  the  fire  and  not  into 
the  body  of  it.  Where  a  relatively  large  fire  is  to  be  overcome  the 
efficacy  of  carbon  tetrachloride  depends  largely  on  the  skill  of  the 
user. 

"Frothy-mixture"  solutions,  such  as  those  described  on  page  11 
and  16,  when  put  up  in  portable  containers  of  convenient  sizes  also  are 
useful  in  extinguishing  small  fires  about  garages.  The  commonly 
used  acid  and  soda  type  of  extinguisher  is  better  adapted  to  fires  in 
woodwork  than  in  oil  because  of  the  large  excess  of  water  discharged 
with  the  gas  bubbles,  and  the  flimsy  nature  of  the  bubbles. 

Wherever  possible,  filling  stations  for  automobiles  should  be  in 
the  open  and  not  inside  of  buildings,  as  in  any  event  highly  in- 
flammable gases  will  arise  from  the  opening  of  the  gasoline  reservoir 
when  the  automobile  tank  is  being  filled.  Where  this  work  must  be 
performed  inside  of  buildings,  proper  ventilation  should  be  main- 
tained at  all  times — in  winter  as  well  as  in  summer. 

Smoking  about  garages  and  filling  stations  should  be  strictly  pro- 
hibited, and  this  rule  should  apply  to  the  customer  having  his  car 
filled,  as  well  as  to  the  attendant.  All  flame  lights  about  the  car 
should  be  extinguished  and  the  engines  stopped  before  the  car  is 
served.  No  electric  switches  or  fuses  should  be  placed  in  the  filling 
room. 

Buildings  for  garages  should  be  of  fireproof  construction  through- 
out.   Machine  and  repair  shops  run  in  connection  with  them  should 

'Burr«lU  G.  A.,  Hasards  In  bandling  gasoline:  Tech.  Paper  127,  Barean  o/  Klnee, 
6,  p.  6. 
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be  in  separate  buildings,  or,  if  in  the  same  building,  should  be  pro- 
tected with  a  fire  wall  and  automatic  fire  doors.  Electric  lights,  only, 
should  be  used  and  these  should  be  properly  protected  with  wire 
guards.  Open  lights  or  fires  of  any  kind  should  never  be  permitted 
in  that  part  of  the  garage  where  there  are  automobiles.  Heating 
of  the  buildings  should  be  by  steam  or  hot  water. 

The  buildings  should  be  cleaned  thoroughly  every  day,  and  all 
rubbish  and  other  waste  material  should  be  gathered  up  and  de- 
stroyed. Covered  metal  receptacles  should  be  provided  for  all 
discarded  oily  waste,  as  this  material  when  compressed  in  a  lump 
and  allowed  to  lie  unmolested  may  spontaneously  ignite  in  a  sh(H*t 
time. 

All  gasoline  storage  tanks  should  be  placed  underground,  pref- 
erably outside  the  building.  Gasoline  should  be  drawn  from  these 
by  pumps;  in  no  case  should  a  gravity  flow  be  arranged.  All  liquid 
in  the  pipes  should  drain  back  into  the  storage  tank  when  the  pump 
is  stopped.  No  cans  or  tanks  of  gasoline  should  be  allowed  on  the 
floor  of  the  garage  other  than  necessary  portable  wheeled  tanks,  none 
of  which  should  exceed  60-gallon  capacity. 

The  use  of  gasoline  for  cleaning  any  part  of  an  automobile  should 
be  prohibited  except  in  a  special  room,  thoroughly  ventilated  and 
used  for  this  purpose  only.  Where  such  cleaning  is  done  out  of 
doors,  it  should  not  be  performed  closer  than  15  feet  from  any  door 
or  opening  in  the  buildings. 

Garage  waste  basins,  sinks,  or  floor  drains  should  never  be  directly 
connected  with  any  house  drainage  or  sewer  system.  Vapors  aris- 
ing from  light  hydrocarbon  compounds,  when  mixed  in  proper  pro- 
portions with  air,  are  highly  explosive,  and  when  confined  in  a 
sewer  system  are  a  constant  source  of  danger.^  All  grease,  oil,  and 
inflammable  liquids  should  be  removed  from  waste  water  by  traps 
or  separators  before  the  water  is  permitted  to  enter  the  sewers. 

"  No  smoking  '^  signs  should  be  posted  in  prominent  places  about 
the  premises,  as  well  as  other  signs  explaining  the  dangers  involved 
in  handling  the  pumps  or  other  apparatus,  and  giving  safe  methods 
for  operation. 

HAZARDS    AND    PBECAITTIONS    ABOUT    TANK    7ABMS    AND 

BEFINEBIES. 

TANK  CONSTRUCTION. 

As  has  already  been  stated,  all  tanks  about  tank  farms  and  re- 
fineries should  be  of  steel  construction  throughout  with  gas-tight 
roofs  on  steel  roof  supports.    Tank  stairways  should  also  be  of 

« Burrell,  G.  A.,  and  Boyd,  H.  T.,  Quantity  of  irasoline  necessary  to  prodnce  explosiye 
conditions  in  sewers :  Tech.  Paper  117,  Bareau  of  Mines,  1916,  p.  16. 
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steel.  Gage  holes  should  be  fitted  with  tight  iroix  caps,  which  can 
be  screwed  down  and  will  prevent  the  escape  of  gas.  Swing  pipe 
lines  should  pass  through  stuflSng  boxes  of  some  such  type  as  that 
described  in  Bulletin  155.^  These  boxes  should  be  kept  at  all  times 
in  gas-tight  condition.  A  vent  pipe  of  proper  size  should  lead  from 
a  point  near  the  apex  of  the  roof  down  the  side  of  the  tank,  and 
thence  underground  on  a  true  gradient  to  a  point  outside  the  fire 
levee,  where  it  should  terminate  in  a  vertical  stand  pipe  at  least  20 
feet  high.  This  pipe  should  be  so  laid  that  the  lowest  point  is  at  the 
bottom  of  the  stand  pipe,  where  a  small  drain  should  be  provided 
to  remove  any  possible  accumulation  of  water  or  condensate  from 
the  gases.  A  tee  having  each  run  closed  with  a  fine  meshed  wire 
gauze,  should  be  '^  bull-headed  "  into  the  top  of  the  stand  pipe. 

As  has  been  previously  mentioned,  an  arrangement  whereby  gases 
from  vent  pip^s  would  be  passed  through  an  absorber  or  condenser 
or  otherwise  profitably  utilized,  would  be  far  better  than  releasing 
the  gases  to  the  atmosphere. 

PIPE  LINES. 

Pipe  lines  connecting  storage  tanks  should  be  underground  for  at 
least  part  of  the  distance,  or  otherwise  thoroughly  grounded.  The 
writer  has  been  unable  to  find  any  instance  where  a  tank  has  been 
ignited  from  lightning  following  exposed  piping,  but  such  a  condi- 
tion might  easily  exist.  Therefore  it  is  a  wise  precaution  to  bury 
the  pipes  in  the  ground  or,  in  some  localities,  even  place  insulating 
joints  in  them. 

LOADING  STATIONS. 

Fires  are  said  to  have  been  caused  at  loading  stations,  where  ships 
discharge  or  take  on  oil,  through  electrical  sparks  formed  when  con- 
nection to  the  ship  was  being  made  or  broken.  The  writer  has  been 
unable  to  find  any  instance  where  the  origin  of  the  fire  was  actually 
traced  to  this  cause,  but  it  is  quite  possible  that  fires  could  be  started 
in  this  way,  especially  where  the  pipe  lines  leading  from  the  wharves 
pass  near  power  lines,  electric  railways,  etc.  Most  companies  ground 
their  loading  pipes  at  the  wharf.  This  is  done  by  soldering  a  copper 
wire  to  the  pipe ;  the  other  end  of  the  wire  is  attached  to  a  copper 
plate,  which  is  sunk  in  the  mud  beneath  the  water. 

SUOnON  PIPES. 

All  tanks  should  be  provided  with  large  suction  pipes  so  that  in 
case  of  fire  as  much  oil  as  possible  can  be  removed  to  other  tanks  or 

•  Bowie,  C.  P.,  Oil  storage  tanks  and  reservoirs,  with  a  brief  discussion  of  losses  of  oU 
in  storage  and  methods  of  prevention :  Boll.  155,  Bureau  of  Mines,  1918,  p.  17. 
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reservoirs.  Tanks  containing  crude  oil  should  also  be  provided  with 
bottom  drains,  connected  with  piping  discharging  at  a  safe  distance 
from  the  tank.  As  the  tank  bums,  these  drains  should  be  kept  open 
to  remove  the  water  that  settles  from  the  oil.  This  precaution  is 
very  important,  as  a  small  amount  of  water  in  the  bottom  of  a 
tank  when  converted  into  steam  will  cause  the  tank  to  boil  over 
violently  and  the  blazing  froth  may  be  carried  by  the  wind  along 
the  ground  and  over  the  top  of  the  fire  levees,  spreading  the  fire  to 
other  tanks  or  structures. 

LEVEE& 

Where  possible,  tanks  should  be  surrounded  with  a  dike  or  levee 
of  sufficient  height  to  hold  IJ  times  the  capacity  of  the  tank.  Each 
tank  having  a  capacity  of  5,000  barrels  or  more,  which  is  used  for 
the  storage  otoil,  should  be  placed  at  least  300  feet,  measured  from 
shell  to  shell,  from  any  other  tank,  and  at  least  150  feet  from  derricks, 
buildings,  or  other  inflammable  structures. 

For  a  distance  of  at  least  150  feet  from  the  tank  the  ground  should 
be  kept  free  from  weeds,  grass,  and  rubbish. 

LIGHTNING  RODS. 

The  writer  has  made  many  inquiries  among  operators  regarding  the 
use  of  lightning  rods,  but  has  been  unable  to  find  any  instances  where 
there  is  proof  that  their  use  has  prevented  a  tank  or  other  structure 
from  being  struck.  The  fact  that  they  present  a  line  of  least  re- 
sistance for  electricity  to  pass  from  a  rain  cloud  into  the  ground 
might  prove  a  serious  menace  to  the  structure  upon  which  they  are 
placed  because  of  the  enormous  voltage  they  might  be  required  to 
carry. 

PRECAUTIONS  ABOUT  OIL  STILLS,  ETC. 

Oil  stills,  heat  exchangers,  agitators,  dephlegmators,  etc.,  should 
preferably  be  placed  in  the  open.  Where  protection  from  the  ele- 
ments is  necessary,  roofs  and  roof  supports  should  be  of  fireproof 
materials  throughout. 

Concrete  or  brick  fire  walls  of  reasonable  height  (say  3  feet  6 
inches)  should  be  constructed  at  various  points  about  the  stills  and 
other  apparatus,  dividing  the  entire  installation  into  small  units 
where  possible  fires  can  be  confined  until  they  are  extinguished.  In 
the  opinion  of  the  writer  this  provision  is  important  and  should 
be  incorporated  into  the  design  of  every  refinery  constructed. 

RUN-DOWN  TANKS,  ETC. 

Storage  tanks,  run-down  tanks,  stock  tanks,  agitators,  and  other 
closed  containers  should  be  equipped  with  steam  smothering  lines 
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which  will  admit  steam  into  the  top  of  the  container  on  a  moment's 
notice.  On  the  approach  of  a  thmiderstorm,  steam  should  be  turned 
into  the  tanks,  and  the  space  between  the  surface  of  the  oil  and  the 
roof  of  the  tank  kept  filled  with  steam  until  the  storm  has  passed. 

POSITION  or  TRANSFORMERS. 

Where  electric  power  is  used  for  operating  any  part  of  a  refinery 
the  transformers  should  be  at  a  safe  distance  from  all  sources  of  in- 
flammable gases.  This  will  usually  mean  placing  the  transformers 
outside  of  the  refinery.  Great  care  should  also  be  exercised  in  placing 
switches  and  motors,  as  sparks  from  making  and  breaking  of  circuits 
have  often  been  the  cause  of  disastrous  fires. 

SMOKING. 

Forbid  smoking  about  the  plant  and  see  that  the  rule  is  enforced. 
Post  "  No  smoking  "  signs  in  all  prominent  places.  Provide  a  room 
where  the  men  can  smoke  after  the  lunch  hour.  This  room  should  be 
away  from  the  other  structures  and  should  be  of  fireproof  construc- 
tion throughout. 

MATCHES. 

Forbid  the  use  of  "  strike  anywhere  "  matches.  Permit  no  matches 
to  be  used  about  the  plant  except  those  that  strike  only  on  the  box  in 
which  they  are  furnished.  The  Producers'  Oil  Co.  furnishes  its 
employees  with  safety  matches,  free  of  charge,  put  up  in  boxes 
having  a  warning  printed  on  the  outside.  One  of  these  boxes  is 
shown  in  Plate  XVIII,  B. 

CHANGE  ROOMS. 

Provide  well-ventilated  metal  lockers  for  the  employees'  clothing. 
These  should  be  installed  in  a  fireproof  building  such  as  the  smoking 
room.  Never  permit  employees  to  dry  wet  clothing  on  steam  radia- 
tors ;  drying  clothing  in  this  way  has  caused  many  a  fire.  Wet  gar- 
ments should  be  hung  up  to  dry  by  circulation  of  air.  Never  per- 
mit employees  to  hang  wet  garments  on  electric  wires. 

FIRE  BRIQADFS. 

Tank  farms  and  refineries  should  equip  and  maintain  a  fire  brig- 
ade, the  members  being  employees  about  the  plant.  If  the  plant 
force  is  too  small  for  forming  such  an  organization,  the  force  should 
be  combined  with  that  of  some  adjacent  plant  or  factory.  The  organ- 
ization of  the  brigade  should  be  along  the  lines  of  a  city  fire  com- 
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pany.  In  organizing  and  equipping  it,  probably  no  better  advice 
could  be  obtained  than  that  of  the  fire  chief  in  the  city  or  town 
where  the  plant  is  situated  or  in  the  nearest  adjacent  city. 

WATER  SYSTEMS. 

A  high-pressure  water  system  should  be  maintained,  and  fire 
hydrants  should  be  placed  at  convenient  positions  about  the  plant, 
especially  in  the  vicinity  of  wooden  structures.  The  hydrants  should 
be  of  standard  construction  and  should  have  at  least  two  2i-inch 
outlets  with  separate  valves.  The  threads  on  the  outlets  should  cor- 
respond exactly  to  those  on  the  hose  of  the  nearest  city  fire  depart- 
ment. If  there  is  no  public  fire  department  then  the  threads  should 
correspond  to  those  on  the  hose  coupling  of  the  nearest  factory  or 
refinery.    This  is  very  important. 

Caps  to  hydrant  outlets  should  be  kept  well  oiled  and  not  permitted 
to  get  jammed.  All  hydrants  should  be  tested  at  least  once  a  year. 
In  cold  localities  this  should  be  done  in  the  summer  time. 

Cotton,  rubber-lined  hose  should  be  tested  once  a  year  with  water 
under  a  pressure  of  100  to  125  pounds.  Also,  water  should  be  run 
through  it  at  least  three  times  a  year  to  preserve  the  lining.  Unlined 
cotton  hose  should  not  be  tested  with  water;  such  hose  rots  quickly 
from  moisture  and  should  be  kept  as  dry  as  possible  at  all  times. 
Extra  hose  should  preferably  be  hung  up  or  placed  on  an  inclined 
plane.  Where  this  can  not  be  done,  it  should  be  well  dried,  then 
loosely  rolled,  and  laid  flat  on  a  shelf.  Hose  that  has  been  used  with 
salt  water  should  be  thoroughly  cleaned  with  fresh  water  before 
being  dried. 

HAZABDS  AND  PBECAtTTIONS  ABOITT  DBILUNG  AND  PBODUdKa 

WEIXa 

Many  fires  about  drilling  wells  have  been  started  by  having  the 
forge  inside  of  the  derrick,  also  by  having  an  open  fire  in  the  derrick 
in  cold  weather.  Neither  of  these  practices  should  be  permitted. 
Tools  should  be  dressed  at  a  reasonable  distance  from  the  rig,  or, 
better  still,  at  some  central  station.  However,  in  "wild  cat"  work 
sending  tools  to  a  central  station  is  seldom  feasible. 

Gas  fires  about  oil  wells  being  drilled  are  in  most  instances  wholly 
inexcusable,  as  permitting  gas  to  escape  unchecked  from  the  well  is  a 
wasteful  and,  as  a  rule,  unnecessary  procedure.  The  gas  should  be 
shut  in  as  the  drilling  proceeds.^ 

•  Lewis,  J.  O.,  and  McMurray,  W.  F.,  The  use  of  mud-laden  fluid  In  otl  and  gas  wella : 
Bull.  134,  Bureau  of  Mines,  1916. 
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POSITION  OF  BOILERS. 

Boilers  should  be  so  placed  that  they  will  not  be  a  source  of  danger 
if  a  flowing  well  is  brought  in,  or  if  flow  tanks  or  stock  tanks  are 
overtopped.  In  some  districts  having  prevailing  winds,  as  along  sea 
coasts,  it  may  be  feasible  to  place  the  boilers  on  the  windward  side 
of  the  well  so  that  the  greater  part  of  the  time  the  well  gases  will  be 
blown  away  from  and  not  toward  the  boilers.  It  is  well  to  have  wire 
gauze  protectors  over  the  tops  of  the  boiler  stacks,  even  at  plants 
where  oil  is  used  for  firing  the  boilers. 

UGHTS  FOR  RIGS. 

Drilling  rigs  should  be  lighted,  where  possible,  with  electric  lights 
and  not  with  open  torches.  At  producing  wells,  only  electric  lights 
should  be  used ;  neither  these  nor  the  wiring  should  be  placed  on  the 
derrick,  but  rather  on  a  pole  several  feet  from  it,  and  the  bulbs 
should  be  protected  with  wire  guards.  If  the  well  is  flowing  or  pro- 
ducing much  gas,  it  is  better  to  have  the  lights  in  a  cluster  on  a  pole 
50  feet  or  farther  from  the  well. 

LUBRICATION  OF  BEARINGS. 

All  bearings  about  the  machinery,  especially  the  bull-wheel,  calf- 
wheel,  and  sheave-wheel  bearings,  should  be  kept  thoroughly  oiled. 
Frayed  bull  ropes  should  be  discarded  and  replaced  with  new  ropes, 
as  any  rubbing  or  slipping  of  the  rope  may  create  heat  sufficient  to 
ignite  gas  issuing  from  the  well.  The  bull-wheel  brake  should  be 
provided  with  a  properly  installed  water  spray  and  this  should  be 
used  before,  not  after,  the  bull  wheel  begins  to  smoke. 

STATIC  ELECTRICrrr. 

Static  electricity  generated  by  the  band-wheel  belt,  or  other  mov- 
ing parts  of  the  machinery,  has  often  caused  fires.  J.  C.  McCue, 
superintendent  of  the  Producers  Oil  Co.,  cites  an  instance  where 
he  watched  static  electricity  sparking  between  the  band-wheel  belt 
and  a  wet  board,  one  end  of  which  was  buried  in  the  ground,  for 
two  hours  or  more,  until  the  board  burst  into  flame.  Mr.  McCue 
takes  the  precaution  to  see  that  all  machinery  parts  are  grounded 
and  that  belts  are  provided  with  properly  constructed  copper 
brushes  attached  to  pipe ;  the  pipe  being  grounded. 

An  instance  has  been  brought  to  the  attention  of  the  writer  where 
a  gas  well  in  process  of  being  drilled  was  ignited  three  times  before 
the  cause  was  found  to  be  static  electricity  generated  at  the  band 
wheel,  passing  through  the  shaft  of  that  wheel  into  the  sand  reel 
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and  along  the  sand  line  to  the  bottom  of  the  bailer,  where  it  formed 
a  spark  in  discharging  from  the  bailer  into  the  top  of  the  casing, 
as  the  bailer  was  being  lowered  into  the  well. 

SHOOTING  WELLS  AND  BLOW-OUTS. 

Fires  have  been  caused  in  shooting  wells,  and  in  striking  gas 
pockets  while  drilling,  by  rocks  being  blown  forcibly  against  the 
sheave  wheels  or  rig  irons. 

However,  in  the  majority  of  blow-onts  the  fire,  if  there  is  one,  will 
be  caused  by  gas  or  oil  coming  in  contact  with  the  boiler  fires. 
Sparks  produced  by  rocks  striking  against  the  rig  iron  will  not 
ignite  the  column  of  gas  or  oil  unless  the  spark  happens  to  be  formed 
on  the  outside  of  the  column  where  there  is  sufficient  air  for  com- 
bustion. 

ALLOWING  DRILLING    CABLE   TO    SLIP  THROUGH   CLAMPS. 

Numerous  instances  are  on  record  where  fires  have  been  started 
about  drilling  wells,  which  were  making  a  small  amount  of  gas, 
through  permitting  the  wire  drilling  cable  to  slip  through  the 
drilling  clamps  when  "  hitching  "  the  tools  over.  This  is  bad  prac- 
tice, for  not  only  is  the  fire  hazard  increased  but  the  cable  and 
equipment  may  be  damaged  or  the  driller  and  his  assistants  injured. 

PRECAUTIONS  ABOUT  WELLS  WHERE  COMPRESSED  AIR  IS  USED. 

In  using  compressed  air  for  increasing  the  recovery  of  oil  from 
wells,  it  is  stated «  that  "air-gas"  used  in  gas  engines  has  been 
ignited  and  the  flame  traveled  back  in  the  pipes  to  the  well.  This 
can  be  prevented  by  inserting  at  the  proper  point  in  the  gas  line 
a  section  of  larger  pipe  filled  with  small  iron  tubes  or  rods  that  will 
smother  the  flames  by  cooling,  much  the  same  as  the  gauze  in  a 
safety  lamp  prevents  gases  being  ignited  by  the  flame  of  the  lamp. 
Sometimes  oil  will  flow  from  a  well  by  the  compressed  air,  and  fires 
are  reported  to  have  been  caused  by  oil  getting  into  the  air-gas  and 
reaching  the  gas  engines.  This  can  be  prevented  by  installing  a  trap 
in  the  gas  line,  through  which  the  gas  must  pass  before  reaching  the 
engine. 

GAS    SCRUBBERS. 

Where  natural  gas  is  taken  directly  from  a  well  and  used  to  drive 
engines,  fires  have  been  started  by  sand  in  the  gas  striking  the  sides 
of  the  exhaust  pipe  and  causing  sparks.    This  danger  can  be  elimi- 

•  Lewis,  J.  O.,  Methods  for  increasing  the  recovery  from  oil  sands :  Bull.  148,  Bnreaa  of 
Mines,  1917,  pp.  82-83. 
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nated  by  passing  the  gas  through  a  '^  scrubber  '^  before  it  is  admitted 
to  the  engine.  Ordinary  tubular  boilers  are  oft^  used  as  scrubbers. 
Valves  should  be  placed  in  such  gas  lines  at  safe  distances  from  tihe 
engines  so  that  if  the  exhaust  catches  fire  the  supply  can  be  quickly 
shut  off. 

ACCUMtJI*ATION  OP  GAS  IN  RAVINES. 

Disastrous  fires  have  been  caused  by  gas  from  flowing  oil  wells 
accumulating  in  ravines  and  low  places  in  the  vicinity  of  the  wells 
and  there  being  ignited,  the  fire  striking  back  to  the  well  along  the 
stratum  of  gas. 

The  danger  of  allowing  gas  to  accumulate  in  this  manner  is  exem- 
plified by  a  serious  accident  •  near  Drumright,  Okla.,  in  May,  1915j 
although  the  fire  did  not  strike  back  to  the  well.  It  was  a  calm,  hu- 
mid evening.  An  automobile,  with  a  man  and  two  women  in  it,  was 
passing  near  some  flowing  oil  well&  As  the  car  crossed  a  culvert  over 
a  small  creek,  there  was  a  terrific  explosion.  The  women  were  so  badly 
burned  that  they  died  within  a  few  hours.  The  man  was  also  badly 
burned.  Investigation  showed  that  a  body  of  gas  had  accumulated 
along  the  creek  bed,  and  the  head  lights  of  the  automobile  had  ig- 
nited this  gas.  The  flash  was  seen  by  people  several  miles  from  the 
scene  of  the  accident. 

GAB  TRAPS. 

As  soon  as  possible  after  a  well  has  been  brought  in,  suitable  gas 
traps  should  be  installed  and  the  gas  condensed  or  otherwise  utilized. 
Permitting  gas  to  escape  into  the  atmosphere  is  a  needless  waste, 
in  addition  to  being  a  menace  to  life  and  property. 

ARRANGEMENT  OF  VALVES  TOR  FLOWING  WELLS. 

Many  companies  equip  their  flowing  wells  with  an  arrangement 
of  valves,  as  shown  in  figure  4.  The  lower  valve  has  an  extension 
stem,  made  from  1-inch  pipe,  of  such  length  that  the  valve  can 
be  operated  at  50  or  75  feet  from  the  derrick.  If  the  derrick,  or  the 
oil  issuing  from  the  flow  lines  should  catch  fire,  this  valve  can  be 
closed  and  the  oil  shut  off  until  the  fire  is  extinguished. 

MATCHES. 

"  Strike  anjrwhere  ^  matches  are  responsible  for  many  fires.  Their 
use  should  be  strictly  prohibited  about  producing  wells  and  drill- 
ing wells  from  which  gas  is  flowing.  As  has  been  previously  pointed 
out,  only  matches  that  strike  on  the  box  in  which  they  are  furnished 

•  News  Item,  Two  women  loae  their  lives ;  man  with  them  badly  burned :  Oil  and  Gas 
Jonr.,  vol.  13,  May  20,  1915,  p.  23. 
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should  be  permitted.    ^^  No  smoking  ^'  signs  should  be  posted  about 
such  wells,  and  the  rule  should  be  enforced. 

nrSTTKAHCE  SATES. 

If  the  precautions  outlined  in  this  paper  are  put  in  practice  by 
operators,  the  result  will  be  a  material  reduction  in  fire  hazards* 
which  should  reduce  fire  insurance  rates.  Just  what  the  amounts  of 
the  reduction  in  insurance  rates  will  be  depends  on  the  nature  of  the 
risks,  and  the  particular  underwriting  company  covering  the  dis- 
trict 

It  is  reconmiended  that  operators,  when  laying  out  new  work  or 
providing  fire-fighting  apparatus  for  structures  already  in  place, 
consult  the  underwriters  covering  their  particular  district  and  ad- 
just their  installations,  as  far  as  possible,  to  conform  with  the  re- 
quirements of  these  companies,  in  order  that  a  maximum  reduction 
in  rates  (if  insurance  is  to  be  carried)  may  be  obtained. 
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PREFACE. 

The  history  of  the  domestic  production  of  manganese  ores  and 
alloys  during  the  war,  in  conmion  with  that  of  several  other  mate- 
rials equally  essential  for  war  purposes^  is  of  interest  because  of  its 
showing  how  a  hitherto  latent  industry  responded  quickly  to  the 
spur  of  necessity. 

In  the  past  the  supplies  of  manganese  ores  used  in  this  country 
have  come  largely  from  Russia  and  India.  More  recently  imports 
from  Brazil  began  to  assmne  importance,  but  up  to  1914  they  were 
still  a  relatively  minor  factor.  Also,  small  amounts  came  from  Cuba 
and  Central  America.  The  domestic  output,  however,  was  practi- 
cally negligible. 

The  European  war  soon  shut  off  Russian  sources,  and  receipts 
from  India  declined.  The  domestic  output  became  somewhat  larger, 
but  the  deficit  was  principally  made  up  by  greatly  increased  imports 
from  Brazil. 

When  this  country  entered  the  war,  the  manganese  situation  be- 
came acute.  Manganese  being  essential  in  the  manufacture  of  steel, 
the  insuring  of  an  adequate  supply  was  imperative.  On  account  of 
the  increasing  difficulty  of  obtaining  foreign  ores,  through  uncertain 
output  and  shortage  of  shipping,  it  was  obvious  that  this  coimtry 
must  turn  to  its  own  deposits.  In  July,  1917,  the  war  minerals  com- 
mittee was  established,  and  surveys  of  the  domestic  manganese  situ- 
ation were  begun.  By  the  end  of  the  year  the  domestic  output  had 
reached  hitherto  unprecedented  figures. 

Early  in  1918  the  need  of  diverting  every  available  ship  to  the 
transportation  of  troops  and  military  supplies  made  necessary  the 
reducing  to  the  minimum  of  all  imports  of  materials  that  could  be 
produced  in  this  country.  The  manganese  situation  was  studied 
•most  thoroughly  by  various  governmental  bodies,  in  cooperation 
with  the  ferro-alloys  subcommittee  of  the  American  Iron  and  Steel 
Institute,  and  a  program  was  formidated  for  reducing  overseas  im- 
ports to  the  minimum  figure  consistent  with  the  production  of  an 
adequate  supply  of  steel.  To  stimulate  domestic  production,  a 
higher  price  schedule  was  announced  by  the  American  Iron  and  Steel 
Institute,  with  the  approval  of  the  War  Industries  Board.  At  the 
same  time  the  market  for  leaner  domestic  ores  was  broadened  by 
lowering  the  standard  grade  for  manganese  alloys. 

As  a  residt,  had  the  war  continued  through  the  year  1918,  there 
would  have  been  produced  more  than  300,000  tons  of  domestic  ores 
containing  not  less  than  35  per  cent  metallic  manganese^  with  larger 
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quantities  than  ever  before  of  the  lower  grade  ores  suitable  for  the 
manufacture  of  spiegeleisen.  In  addition,  alloys  of  domestic  manu- 
facture of  the  alloys  had  entirely  feplaced  those  formerly  imported. 
In  November,  1918,  when  hostilities  ceased,  there  was  nearly  a  year's 
supply  of  ore  and  alloys  on  hand.  As  a  result^  the  buying  stopped 
almost  at  once  and  production  fell  rapidly.  Mines  were  shut  down 
and  furnaces  were  blown  out  or  used  for  other  products. 

Various  pi*oposed  measures  for  stabilizing  the  industry  were  con- 
sidered, but  none  seemed  to  meet  the  situation.  In  1919  the  war 
minerals  relief  bill  was  passed,  establishing  a  commission  for  investi- 
gating losses  incurred  in  the  production  of  manganese  and  certain 
other  minerals  and  for  reimbursement  where  the  investments  were 
due  to  representations  of  the  Government. 

During  the  war  the  engineers  connected  with  the  war  minerals 
investigations  of  the  Bureau  of  Mines  kept  in  touch  with  develop- 
ments in  the  industry.  Wherever  possible  advice  and  help  in  mining 
and  milling  problems  were  given  by  correspondence  or  in  person. 
Metallurgical  problems  were  carefully  studied,  not  only  those  bearing 
on  the  manufacture  of  the  alloys,  but  those  relating  to  the  use  of  the 
alloys  in  the  mamif  acture  of  steel.  The  chief  end  kept  in  view  was 
to  eliminate  waste  and  to  widen  and  popularize  the  use  of  the  leaner 
domestic  ores. 

In  order  to  supplement  the  field  work  and  make  public  the  results 
of  its  investigations,  the  Bureau  of  Mines  published  a  series  of  mimeo- 
graphed bulletins  dealing  with  those  phases  of  the  industry^  which 
were  studied  in  some  detail.  The  object  of  this  report  is  to  present 
these  papers  in  more  permanent  form,  in  the  hope  that  the  informa- 
tion may  be  of  present  or  future  value  to  the  industry. 

J.  E.  Spurr, 
Executive^  War  Minerdls  Investigations. 


MANGANESE  USES:  PREPARATION,  MINING  COSTS, 
AND  THE  PRODUCTION  OF  FERROALLOYS. 


By  C.  M.  Weld  and  Others. 


INTRODUCTION. 

During  the  past  two  years  the  Bureau  of  Mines  has  issued  a  series 
of  mimeographed  reports  giving  the  restilts  of  research  work  and 
experiments  conducted  as  part  of  its  war  minerals  investigations. 

In  this  bulletin  the  reports  on  manganese  are  presented,  which 
range  in  scope  from  the  beneficiation  of  the  ore  to  the  utilization 
of  the  metal.  The  bulletin  is  in  eleven  chapters,  each  comprising 
a  separate  report,  arranged  in  the  order  given  below. 

1.  General  information  regarding  manganese,   by  C.  M.   Weld. 

2.  Uses  of  manganese  other  than  in  steel  making,  by  W.  C.  Phalen. 

3.  Problems  involved  in  the  concentration  and  utilization  of 
domestic  low-grade  manganese  ores,  by  Edmimd  Newton. 

4.  Preparation  of  manganese  ore,  by  W.  R.  Crane. 

5.  Leaching  of  manganese  ores  with  sulphur  dioxide,  by  C.  E. 
Van  Bameveld. 

6.  The  Jones  process  for  concentrating  manganese  ores;  results  of 
laboratory  investigations,  by  Peter  Christiansen  and  W.  H.  Htmter. 

7.  Cost  of  producing  ferromanganese  ores,  by  C.  M.  Weld  and 
W.  R.  Crane. 

8.  Production  of  manganese  alloys  in  the  blast  furnace,  by  P.  H. 
Royster. 

9.  National  importance  of  allocating  low-ash  coke  to  the  man- 
ganese-alloy furnaces,  by  P.  H.  Rojrster. 

10.  Electric  smelting  of  domestic  manganese  ores,  by  H.  W. 
Gillett  and  C:  E.  Williams. 

11.  Use  of  manganese  alloys  in  open-hearth  steel  practice,  by 
Samuel  L.  Hoyt. 

As  each  chapter  was  originally  prepared  as  a  xmit,  there  is  neces- 
sarily some  duplication  and  overlapping.  With  certain  exceptions, 
however,  each  paper  is  reproduced  in  practically  its  original  form. 

In  chapter  1,  covering  certain  general  phases  of  the  industry, 
such  as  uses,  specifications,  prices,  and  statistics,  the  subject  matter 
has  be^i  somewhat  modified  in  view  of  changes  in  conditions. 
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About  95  per  cent  of  the  manganese  consumed  in  the  United 
States  goes  into  the  maniifacture  of  steel.  The  remaining  5  per  cent 
is  used  in  a  ntmiber  of  minor  industries,  the  chief  of  which  is  the 
manufacture  of  dry  cells.  These  minor  uses  are  described  in  chapter  2. 

No  discussion  of  the  geology  of  manganese  ores  is  presented,  but 
a  short  bibliography  on  the  subject  is  appended.  With  few  excep- 
tions the  manganese  deposits  of  the  United  States  are  irregular, 
pockety,  and  uncertain.  Largely  for  this  reason,  mining  methods 
are  crude  and  hardly  warrant  descriptions. 

The  concentration  of  manganese  ores,  however,  is  an  important 
problem  and  involves  some  details  not  common  to  other  ores. 
Chapter  3  discusses  the  concentration  and  utilization  of  low-grade 
ores,  notes  the  relationship  of  concentration  to  metallurgical  prac- 
tices, outlines  concentrating  processes,  and  treats  of  commercial 
problems. 

In  general,  as  regards  concentration  methods,  manganese  ores 
may  be  divided  into  two  groups,  as  follows:  (1)  Ores  permitting 
mechanical  separation  of  the  manganese  minerals  and  the  gangue, 
and  (2)  ores  in  which  the  manganese  minerals  and  the  gangues  are 
so  intimately  associated  that  separation  requires  some  hydrometal- 
lurgical  or  pyrometallurgical  process.  Heretofore,  attention  has  been 
confined  almost  wholly  to  mechanical  separation,  chiefly  by  gravity. 
In  fact,  so  far  as  known,  all  production  of  concentrates  has  been  by 
wet  gravity  methods,  although  during  the  war  some  companies 
investigated  the  commercial  possibilities  of  magnetic  separation  and 
reported  favorable  results,  the  construction  of  one  magnetic  con- 
centration mill  being  started.  The  usual  wet  gravity  methods  are 
described  in  chapter  4. 

Diuring  the  war,  the  Bureau  of  Mines  undertook  investigations  of 
methods  applicable  to  ores  of  group  2.  A  hydrometallurgical  process 
involving  leaching  wit^  sulphur  dioxide  was  studied  at  the  mining 
experiment  station  of  the  bureau  at  Tucson,  Ariz.  The  results  of 
this  work,  presented  in  chapter  5,  indicate  that  the  process  is 
metalliu*gically  feasible  but  the  cost  makes  it  unattractive. 

The  results  of  an  investigation  of  a  pyrometallurgical  process  known 
as  the  Jones  process  are  presented  in  chapter  6.  The  process, 
which  is  still  in  the  experimental  stage,  was  found  to  be  metal- 
lurgically  sound.  The  manganese  product  is  not  a  concentrate  but 
an  alloy,  made  directly  from  a  lean  xmconcentrated  ore.  The  custom- 
ary method  is  to  manufacture  alloys  from  high-grade  ores  or  from 
concentrates  of  leaner  ores. 

A  discussion  of  the  costs  of  ferro-grade  manganese  ores  is  pre- 
sented in  chapter  7.  This  discussion  is  in  general  terms  only, 
but  should  be  of  use  in  so  far  as  it  relates  to  competitive  conditions. 
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The  results  of  a  study  of  blast-furnace  practice  on  feiTomang%nese 
and  on  spiegeleisen  are  presented  in  chapter  8.  On  account  of 
the  difficulty  of  obtaining  complete  and  reliable  records,  the  work 
is  to  be  regarded  as  largely  preliminary.  Some  of  the  conclusions 
tentatively  advanced  may  be  erroneous  because  of  the  nature  of  the 
data  on  which  they  are  based;  in  the  main,  however,  they  are  be- 
lieved to  be  correct  and  are  put  forward  in  the  hope  that  they  may 
arouse  criticism  and  thereby  stimulate  discussion  and  research. 
The  Bureau  of  Mines  proposes  to  continue  this  investigation. 

The  importance  of  allocating  good  grades  of  coke  to  manganese- 
alloy  furnaces  is  discussed  in  chapter  9.  The  need  for  such  alloca- 
tions has  passed  but  it  is  felt  that  the  paper  has  more  than  an  his- 
toric interest.  Conservation  and  economy  would  both  be  served 
if  the  principles  laid  down  were  more  effectively  observed. 

The  chapters  already  cited  deal  with  the  manufacture  of  man- 
ganese alloys  in  the  blast  furnace  with  coke  fuel.  During  the  war 
there  was  considerable  development  in  the  electric  smelting  of  such 
alloys.  The  Bureau  of  Mines  was  actively  interested  in  the  applica- 
bility of  electric  smelting  to  the  leaner,  more  siliceous  domestic  ores, 
and  conducted  experiments  at  the  Ithaca  (Cornell  University)  field 
station.  The  results  are  presented  in  chapter  10.  The  general 
conclusions  are  that  lean  ores  and  manganiferous  slags  probably 
can  not  be  smelted  at  a  profit  in  the  electric  furnace  except  in  times 
of  high  prices. 

The  purpose  of  the  investigation  described  in  chapter  11,  on  the 
use  of  manganese  alloys  in  open-hearth  steel  practice,  was  chiefly 
to  point  the  way  to  conservation  of  resources.  The  results  show 
that  conservation  could  best  be  attained  by  developing  the  use  of 
those  alloys,  such  as  spi^eleisen  and  silicomanganese,  which  could 
be  produced  from  lean  domestic  ores,  thus  conserving  the  high-grade 
domestic  ores  and  reducing  the  need  for  high-grade  foreign  ores. 

In  addition  to  those  members  of  the  staff  whose  names  appear  on 
the  several  papers,  acknowledgment  is  due  to  F.  H.  Probert,  G.  D. 
Louderback,  Theodore  Simons,  W.  S.  Palmer,  W.  R.  Eaton,  F.  B. 
Foley,  C.  F.  Julihn,  and  all  others  who  contributed  to  the  success  of 
the  work  by  their  active  and  whole-hearted  cooperation. 
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MANGANESE." 


By  0.  M.  Weld. 

USES   OF   HAVOAITESE. 

Approximately  95  per  cent  of  the  manganese  consumed  in  this 
coimtry  is  used  in  making  steel  not  only  to  deoxidize  and  recarburize 
the  molten  metal,  thereby  making  possible  the  production  of  cleaner 
and  soimder  ingots  containing  the  desired  amoimt  of  carbon,  but 
also  to  impart  certain  qualities  to  the  finished  product.  Small  pro- 
portions of  manganese,  0.5  to  0.8  per  cent,  make  the  steel  easier  to 
work  and  stronger  in  service.  At  the  same  time  slight  proportions 
of  impurities  remaining  in  the  steel  are  taken  into  combination  and 
rendered  less  harmful.  Relatively  small  quantities  of  so-called ''  man- 
ganese'^ steel  are  made  which  contain  11  to  14  per  cent  or  more  of 
manganese  and  possess  special  qualities  of  hardness  and  strength. 

To  be  used  in  manufacturing  steel,  the  ore  must  first  be  smelted  to 
an  alloy,  in  which  the  manganese  is  combined  in  varying  proportions 
with  iron,  carbon,  and  silicon.  Formerly  the  two  standard  alloys 
were  f erromanganese,  containing  78  to  82  per  cent  metallic  manganese, 
and  spiegeleisen,  containing  18  to  22  per  cent  metallic  manganese. 
During  the  war  the  composition  of  these  two  alloys  underwent  con- 
siderable modification,  the  standard  manganese  content  being  lowered 
in  order  to  make  practicable  the  use  of  leaner  domestic  ores.  At 
the  same  time  two  other  alloys,  silico-manganese  and  silico-spiegel, 
assumed  more  or  less  prominence.  The  approximate  range  of  com- 
position of  these  four  alloys  is  as  follows: 

Table  1 . — Range  of  composition  of  manganese  alloys.  * 


Alloy. 


Ferromangancso . 

Spiegeleisen 

SiUco-mangfuiese . 
Silico-spiegel 


I 

Mn. 

Fe. 

SI. 

1 

Percent. 
5(^80 

55-70 
20-50 

Percent. 
40-8 
85-60 

ao-5 

67-43 

Percent 

a  5-1. 5 

About     1.0 

About  25.0 

4-10 

Percent. 

5-7 

4-5 

.35 

X.5-3.5 


>  Data  largely  from  Newton,  Edmund,  manganiferousiron  ores  of  tbe  Cayuga  district,  Hlnnesota:  Univ. 
of  Minnesota  Bull.  5, 1918, 126  pp. 

The  phosphorus  must  be  so  low  that  adding  the  alloy  will  not  cause 

the  phosphorus  in  the  steel  to  exceed  the  specified  limit,  which  is 

usually  about  0.05  per  cent.    Consequently  the  phosphorus  limit  in 

the  alloy  will  vary  more  or  less  directly  with  its  manganese  and  carbon 

content. 
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SPECIFICATIONS.  7 

Practice  in  utilizing  the  alloy  varies  widely.  The  alloy  may  be 
added  to  the  molten  metal  either  molten,  red-hot,  or  cold,  with  or 
without  other  additions  such  as  ferrosilicon  or  coal;  it  may  be  added 
in  the  open  hearth,  the  converter,  or  the  ladle.  The  average  consump- 
tion of  metallic  manganese  per  ton  of  steel  is  approximately  15  poimds. 

Minor  uses  of  manganese  ore  are  as  follows :  As  an  oxidizing  agent  in 
dry-cell  batteries,  for  decoloration  of  glass,  as  a  drier  in  certain  paints 
and  varnishes,  in  the  preparation  of  oxygen  on  a  small  scale,  and  in 
the  manufacture  of  certain  disinfectants.  It  is  also  used  to  color 
glass,  pottery,  brick,  and  tile,  and  in  calico  printing  and  dyeing.  Of 
these  minor  uses  the  first  two  named  are  by  far  the  most  important. 

SPECIFICATIOirS. 

Ores  suitable  for  the  manufacture  of  alloys  are  generally  termed 
"metallurgical"  or  "furnace"  ores.  They  may  have  a  wide  range  in 
composition,  according  to  the  particular  alloy  to  be  made  from  them. 

Formerly,  when  the  standard  grade  of  ferromanganese  contained 
78  to  82  per  cent  metallic  manganese,  ores  of  ferro  grade  were  re- 
quired to  contain  not  less  than  40  per  cent  metallic  manganese,  dried 
at  212°  F.  Prices  were  based  on  not  more  than  8  per  cent  silica  and 
not  more  than  0.2  per  cent  phosphorus,  and  ores  containing  more 
than  12  per  cent  silica  or  more  than  0.225  per  cent  phosphorus  were 
subject  to  rejection.  When,  in  May,  1918,  the  standard  content  of 
ferromanganese  was  lowered  to  70  per  cent,  the  specified  minimum 
manganese  content  of  ferro-grade  ores  was  correspondingly  lowered 
to  35  per  cent  metallic  manganese.  At  the  same  time  the  rejection 
limits  for  silica  and  phosphorus  were  considerably  extended,  but 
much  more  severe  penalties  were  imposed  for  silica  exceeding  8  per 
cent.  The  rejection  of  ores  with  more  than  0.25  per  cent  phosphorus 
was  left  to  the  option  of  the  buyer,  who  at  the  same  time  was  urged 
to  use  the  ore,  whatever  the  phosphorus  content,  if  he  could  use  it 
to  advantage.  The  effect  of  silica  and  phosphorus,  and  their  rela- 
tion to  the  alloy  to  be  produced  are  discussed  in  chapter  3.  The  pur- 
pose of  relaxing  specifications  was  to  widen  the  market  for  the  leaner 
and  more  siliceous  domestic  ores.  It  is  probable  that  former  specifi- 
cations will  be  revived  with  return  of  normal  conditions. 

Once  it  was  the  custom  to  pay  for  the  iron  in  manganese  ores  of 
ferro  grade,  but  this  practice  was  discontinued  several  years  ago. 
The  permissible  high  limit  for  iron  is  governed  by  the  nature  of  the 
alloy  to  be  produced,  as  practically  all  the  iron  goes  into  the  alloy 
and  degrades  it  by  crowding  out  manganese.  In  general,  the  allow- 
able ratio  of  iron  to  manganese  in  the  ore  would  be  approximately 
1  to  10  for  80  per  cent  ferro,  or  1  to  5  for  70  per  cent  ferro. 

Ores  suitable  for  the  manufacture  of  spiegeleisen  may  contain  a 
much  larger  proportion  of  iron -to  manganese  and  are  usually  termed 
manganiferous  iron  ores.     No  exact  specifications  for  ores  of  this 
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dass  have  been  customary.  In  general,  the  silica  and  phosphorus 
reqiiiiements  have  been  about  the  same  as  for  feno-grade  ores,  tiie 
balance  consisting  of  manganese  plus  iron  in  varying  ratio,  plus  gangue 
materials,  su<^  as  aliunina,  lime,  and  ma^esia.  Ores  containing  15 
to  40  per  cent  metallic  manganese  were  formeriy  cUssed  as  manga- 
niferous,  and  these  limits  will  probably  be  adopted  again  in  the  future. 
The  war-time  classification  included  ores  containing  10  to  35  per 
cent  manganese. 

Certain  manganiferous  ores  from  the  weathered  parts  of  silver- 
Jead  deposits  contain  enou^  silver  to  warrant  their  shipment  to  lead 
smelters  for  use  in  fluxing.  Hence  these  ores  are  not  available  to 
the  steel  industr}'. 

When  the  alloy  to  be  produced  is  sflico-manganese  or  silico-spiegel 
a  much  higher  content  of  silica  is  acceptable  than  with  ores  to  be  used 
in  making  f erromanganese  or  spiegeleisen,  but  the  former  alloys  can 
advantageously  be  made  only  in  the  electric  furnace.  Ores  with  30 
to  40  per  cent  of  manganese  and  20  to  25  per  cent  of  silica  can  be 
used  to  advantage  in  making  silico-manganese.  The  ratio  of  silica 
to  manganese  may  be  still  higher  if  the  usual  slag-making  constit- 
uents are  relatively  absent.  It  is  also  probable  that  at  least  a  part 
of  the  phosphorus  in  the  ore  may  be  volatilized  in  the  electric  furnace, 
thus  raising  the  permissible  limit  of  this  element.  Rou^ily,  the 
same  holds  true  for  silico-spiegel,  with  the  substitution  of  iron  for  a 
part  of  the  manganese. 

A  lai^e  class  of  manganiferous  ores  comprises  those  that  are  essen- 
tially iron  ores  containing  small  proportions  of  manganese^  generally 
about  5  per  cent  but  occasionally  as  much  as  10  per  cent.  These  ores 
are  not  available  for  making  manganese  alloys^  but  enter  into  the 
manufacture  of  manganiferous  pig  iron,  which  in  turn  contributes  its 
manganese  to  the  steel  made  from  it. 

The  ores  suitable  for  oxidizers  and  chemical  use  are  commonly 
called  "battery,"  '^chemical,"  or  "dioxide"  ores.  As  their  function 
is  to  act  as  an  agent  for  carrying  oxygen,  it  is  essential  that  they  con- 
tain a  large  proportion  of  manganese  dioxide,  either  as  pyrolusite  or 
other  minerals  that  readily  liberate  oxygen.  The  following  table 
shows  the  proportions  of  MnO,  and  available  oxygen  in  the  common 
manganese  minerals." 

Table  2. — Mangwnt^  dioxide  aryi  available  oxygen  in  the  common  manguntK  mmenda. 


HinonU. 

MnO,. 

Vvoiloblo  O. 

P  vrolusit© 

Per  cent. 

100.00 

42. 46  to  77. 33 

49.44 

43.11 

37.99 

None. 

Per  cent. 

Psilomelanc 

7. 81  to  13.  Oti 

Ifancii'iito ....-- - ^ ,-,.,-^ --,.., -,-.-^^ 

9.09 

JtrAimitA 

7.93 

Tlausmflouiitn .r 

6.09 

Rhodochros*^*.    -» ,.,,..,  ..,. ^ 

None. 

a  Fermor,  L.  T..,  Maajauo^o  doposit  of  India:  Cool.  Survey  of  India,  MiffBofrs,  voX'  37,  p.  698. 
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The  two  most  important  industrial  uses  of  manganese  ore  as  an 
oxidizer  are  in  the  manufacture  of  dry  cells  and  of  glass.  Specifica- 
tions generally  call  for  80  to  90  per  cent  MnO,,  but  it  is  imderstood 
that  ores  with  as  little  as  70  per  cent  MnO^  were  accepted  during  the 
war.  Formerly  it  was  customary  to  require  that  the  iron  content 
should  not  exceed  1  per  cent,  but  here  also  specifications  were  greatly 
relaxed,  particularly  as  it  has  been  shown  that  the  presence  of  several 
per  cent  of  iron  does  not  greatly  affect  the  efficiency  of  the  battery. 
Copper,  nickel,  and  cobalt,  on  the  other  hand,  are  probably  harmful 
when  present  in  excess  of  a  few  tenths  of  1  per  cent,  though  there  is 
some  difference  of  opinion  as  to  this.  The  point  is  discussed  in  the 
chapter  following. 

Leaner  argillaceous  and  siliceous  ores,  with  less  than  40  per  cent 
metallic  manganese,  are  used  for  coloring  pottery,  tiles,  and  brick. 
The  amounts  used  annually  for  this  purpose  and  for  paints,  dyeing 
and  printing  calicoeB,  and  other  purposes  are  unimportant. 

PBICES. 

Prices  paid  for  imported  metalluigical  ores  have  always  been  sub- 
ject to  individual  contracts,  based  on  the  chemical  and  physical 
characteristics  of  the  particular  ores.  The  terms  of  iheae  contracts 
have,  of  course,  never  been  made  public,  but  their  general  trend  has 
no  doubt  been  reflected  in  the  price  schedules  for  high-grade  domestic 
ores  issued  from  time  to  time  by  the  Cam^ie  Steel  Co.  The  latter 
are  summarized  in  the  following  table: 

Table  3. — Carnegie  Steel  Company*  8  price  schedules  for  domestic  fares  fl 


Year. 

Prices  iQ  cents  per  unit  for  percentages 
or  manganese  ranging— 

Cents  per 

unit  of 

iron. 

'  Silica 
standard. 

Phospho- 

From 40 
to  43. 

From  43 
to  46. 

From  46 
to  49. 

49  and 
more. 

rus  stand- 
ard. 

1892 

27 
25 
22 
27 
23 

2^29 

26-27 

23-24 

2»-29 

24-25 

24 

40 

50 

29^ 
27 
24 
29 
25 
25 
43 
53 

31 
28 
25 
30 
26 
26 
45 
55 

10 
6 
5 
6 
5 

Percent. 
8 
8 
8 
8 
8 
8 
8 
8 

8 

Per  cent. 
0.10 

1897 

.10 

1903 

.10 

1006 

.10 

1910 

.20 

1914 

.20 

1915 

36 

46 

.20 

191(V-17 

.20 

From  38 
to  42. 

From  42 
to  40. 

From  46 
to  SO. 

SOanl 
more. 

19tS 

00 

100 

no 

120 

.20 

a  Data  laigely  from  Mineral  Besouroes  U.  8.,  various  years,  U.  S.  Geological  Survey. 

These  prices  are  based  on  long  tons  for  material  delivered  at  the 
furnace;  material  dried  at  212°  F.  silicia  penalty,  15  cents  per  ton  for 
each  unit  over  8  per  cent;  phosphorus  penalty,  up  to  1910,  1  cent  per 
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unit  of  manganese  for  each  0.02  per  cent  phospkorus  over  0.10  per 
cent;  thereafter,  2  cents  per  unit  of  manganese  for  eaeh  0.02  per  cent 
phosphorus  over  0.20  per  cent. 

In  May,  1918,  a  new  price  schedule  was  adopted  by  the  Ferro 
Alloys  Committee  of  the  American  Iron  and  Steel  Institute  and  was 
approved  by  the  War  Industries  Board.  It  became  effective  on  May 
28.  It  is  given  below  in  full  as  announced,  including  penalties  and 
terms  of  payment,  although  it  is  no  longer  in  force  and  its  present 
value  is  chiefly  historical. 

PRICE  SCHEDTJLE  OF  HAY  28,  1018. 

Schedule  of  domestic  metallurgical  manganese  ore  prices  per  unit  of  metallic  man- 
ganese per  ton  of  2,240  pounds  for  manganese  ore  produced  and  shipped  from  aU  points 
in  the  United  States  west  of  South  Chicago,  111.  This  schedule  does  not  include 
chemical  ores  as  used  for  dry  hatteries,  etc. 

Following  prices  are  on  the  basis  of  delivery  f .  o.  b.  cars  South  Chicago,  and  are  on 
the  basis  of  all-rail  shipments.  When  shipped  to  other  destination  than  Chicago,  the 
freight  rate  per  gross  ton  from  shipping  point  to  South  Chicago,  111.,  is  to  be  deducted 
to  give  the  price  f ,  o.  b.  shipping  point. 

Prices  fw  ore  dried  at  2W  F. 


Content  of  metallic  Price 

manganese,  per  cent.  per  unit 

35  to  35. 99 $0.86 

36  to  36.  99 90 

37  to  37. 99 94 

38to38.99 .98 

39  to  39.  99 1.00 

40  to  40.  99 1.02 

41  to  41. 99 1.04 

42  to  42. 99 1.06 

43  to  43. 99 1.08 

44  to  44. 99 1.10 


Content  of  metallic  Price 

manganese,  per  cent.  per  unit. 

45  to  45. 99 11.12 

46  to  46. 99.. 1.14 

47  to  47. 99 1.16 

48  to  48. 99 1.18 

49  to  49. 99 1.20 

50  to  50. 99... 1.22 

51  to  51. 99 1.24 

52  to  52. 99 1.26 

53to53.99 1.28 

54  and  over 1. 30 


For  manganese  ore  produced  in  the  United  States  and  shipped  from  points  in  the 
United  States  east  of  South  Chicago,  15  cents  per  unit  of  metallic  manganese  per  ton 
shall  be  added  to  above  unit  prices. 

Above  prices  are  based  on  ore  containing:  Not  more  than  8.00  per  cent  silica;  not 
more  than  0.25  per  cent  phosphorus,  and  subject  to: 

SILICA  PBEMITTMS  AKD  PENALTIES. 

For  each  1  per  cent  of  silica  under  8  per  cent  down  to  and  including  5  per  cent, 
premium  at  rate  of  50  cents  per  ton.  Below  5  per  cent  silica,  premium  at  rate  of  $1  per 
ton  for  each  1  per  cent. 

For  each  1  per  cent  in  excess  of  8  per  cent  and  up  to  and  including  15  per  cent 
silica  there  shall  be  a  penalty  of  50  cents  per  ton;  15  per  cent  and  up  to  and  including 
20  per  cent  silica,  there  shall  be  a  penalty  of  75  cents  per  ton. 

For  ore  containing  in  excess  of  20  per  cent  silica,  a  limited  tonnage  can  be  used;  but 
for  each  1  per  cent  of  silica  in  excess  of  20  per  cent,  and  up  to  and  including  25  per  cent 
edlica,  there  shall  be  a  penalty  of  $1  per  ton. 

Ore  containing  over  25  per  cent  silica  subject  to  acceptance  or  refusal  at  buyer's 
option,  but  if  accepted  shall  be  paid  for  at  the  above  schedule  with  the  penalty  of  $1  per 
ton  for  each  extra  unit  of  silica. 

All  premiums  and  penalties  figured  to  fractions. 
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PH08PSOB17S  PSHALTT. 

For  each  0.01  per  cent  in  excess  of  0.25  per  cent  phosphorus  there  shall  be  a  penalty 
against  unit  price  paid  for  manganese  of  one-half  cent  per  unit  figured  to  fractions. 

In  view  of  existing  conditions,  and  for  the  purpose  of  stimulating  production  of 
domestic  manganese  ores,  there  will  be  no  penalty  for  phosphorus  so  long  as  the  ore 
shipped  can  be  used  to  advantage  by  the  buyer.  The  buyer  reserves  the  right  to  penal- 
ize excess  phosphorus  as  above  by  giving  60  days'  notice  to  the  shipper. 

The  above  prices  to  be  net  to  the  producer;  any  expenses,  such  as  salary  or  com- 
mission to  buyer's  agent,  to  be  paid  to  the  buyer. 

Settlements  to  be  based  on  analysis  of  ore  sample  dried  at  212°  F.  The  percentage 
of  moisture  in  ore  samples  as  taken  to  be  deducted  from  the  weight. 

PAYKEHTS. 

Eighty  per  cent  of  the  estimated  value  of  ore  (less  moisture  and  freight  from  shipping 
point)  based  on  actual  railroad  scale  weights  to  be  payable  against  railroad  bill  of 
lading  with  attached  certificates  of  sampling  and  analysis  of  an  approved  independent 
sampling  chemist,  balance  on  receipt  of  ore  by  buyer. 

Actual  railroad  scale  weights  to  govern  in  final  settlement. 

Cost  of  sampling  and  analysis  to  be  equally  divided  between  buyer  and  seller. 

It  will  be  observed  that  the  value  per  long  ton  of  natural  (undried) 
manganese  ore  f .  o.  b.  mine  was  to  be  calculated  from  this  schedule  in 
the  following  maimer;  (1)  Multiply  the  percentage  of  manganese  in 
material  dried  at  212^  F.  by  the  corresponding  unit  price  as  given  in 
the  table,  adding  15  cents  to  this  price  if  the  ore  was  produced  east  of 
Chicago;  (2)  add  premiums  or  deduct  penalties,  if  any,  for  silica  and 
phosphorus;  (3)  convert  to  wet  or  natural  basis;  (4)  deduct  freight 
per  long  ton  to  Chicago. 

The  following  freight  rates  from  points  in  the  several  Western 
manganese-producing  States  to  Chicago  were  still  in  force  in 
December,  1919.  These  were  for  carload  lots  with  a  minimum 
weight  of  60,000  pounds. 

Table  4. — Freight  rates  on  manganese  ore  from  Western  States  to  Chicago,  a 


Oregon 

WaRhineton. 
California. . . 
Montana. . . 
Arizona. . . . 

Colorado 

Nevada 

Utah 

New  Mexico. 


State. 


Rate  per 

Rate  per 

ton  of 

ton  of 

2000 

2240 

pounds. 

pounds. 

111.00 

$12.32 

11.00 

12.32 

11.00 

12.32 

8.00 

8.96 

9.00 

10.08 

7.00 

7.84 

10.00 

11.20 

9.00 

10.08 

7.00 

7.84 

a  Personal  oommunication  from  H.  H.  Porter  of  U.  S.  Shipping  Board. 

The  ore  prices  given  above  applied  only  to  ferro-grade  ores.  Prices 
for  manganiferous  ores  have  usually  been  subject  to  individual  con- 
tract.   In  1918  the  better  class  of  Leadville  ores  sold  for  about  30 
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cents  per  unit,  with  a  premium  of  0  cents  per  unit  for  iron  and  a 
moderate  penalty  for  silica. 

Comparison  of  the  prices  for  f erro-grade  ore  with  those  for  ferro- 
manganese  is  of  interest.  Eighty  per  cent  ferromanganese  was  worth 
$40  to  $60  per  ton  in  prewar  times.  The  price  from  May  to  Novem- 
ber, 1918,  was  $250  for  70  per  cent  material.  In  the  tables  below 
are  shown  (1)  the  price  of  ferro  per  ton;  (2)  the  price  per  unit  of 
metallic  manganese  in  ferro;  (3)  the  price  per  unit  of  46  per  cent 
manganese  ore;  (4)  tlie  unit  price  of  metallic  manganese  in  ferro 
divided  by  the  unit  price  of  metallic  manganese  in  the  ore,  to  show 
the  ratio  between  the  two.  Since  November,  1918,  the  market  has 
been  in  a  demoralized  condition,  quotations  falling  continuously  and 
rapidly. 

Table  5, — Comparison  of  prices  of  alloy  and  orefi 


Year. 


(1) 


1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
191G. 
1917. 
1918. 


Price  of  80 

percent 

lexToper 

ton. 


<2) 


$40.49 

37.25 

50.40 

57.87 

55.80 

92.21 

164.12 

300.17 

285.00 


Price  per 

unit  of 


(5) 


$0.51 
.44 

.63 
.72 
.70 
1.15 
2.05 
3. 8G 
3.56 


Price  per 
unit  of  do- 
mestic ore 
containing 
46  per  cent 
rasnganese, 

deliveredL 
at  furnace. 

(4) 


$0.25 
.35 
.25 
.25 
.25 
.40 
.50 
ft.  75 

ftl.23 


Columns 
divided  by 
oohuDn  4. 


C5) 


2.04 
1.75 
2.S2 
2.88 
2.60 
2.88 
4.10 
5.15 
2.98 


o  Data  largely  from  Metal  Statistics,  1918,  published  by  the  American  Metal  MarTcct  and  I>aily  Iran  and 
Steel  Bepart. 
6  Estimated  average. 

As  the  last  column  in  the  Table  6  indicates,  although  the 
price  of  ore  relative  to  alloy  fell  far  below  during  1910  and  1917, 
the  price  adjnstments  of  1918  brought  this  ratio  back  again  nearly 
to  the  figures  for  1913-1915;  a  fact  that  appears  to  controvert  the 
opinion  prevalent  among  producers  that  the  proportionate  prices  of 
1918  strongly  favored  the  furnaces.  In  fact,  the  ratio  shown  for 
1918  was  possibly  less  favorable  to  the  furnaces  than  that  for  1913- 
1915,  owing  to  the  great  increase  of  conversion  cost  through  high 
costs  of  labor,  fuel,  and  supplies. 

The  prices  of  '^battery"  ore  also  rose  enormously  during  the  war. 
Such  ores  were  formerly  worth  $20  to  $35  per  ton.  The  best  grades 
at  last  accounts  were  being  sold  for  $80  to  $110  per  ton  delivered. 
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STATISTICS. 

• 

In  the  following  tables  of  imports,  production,  etc.,  the  number  of 
tons  of  contained  metallic  manganese  are  shown  as  well  as  the  num- 
ber of  tons  of  ore  and  alloys,  for  in  no  other  way  can  a  true  comparison 
be  made.  The  metallic  manganese  in  the  ores  is  also  multiplied  by 
a  factor  representing  the  conversion  loss  from  ore  to  alloy  to  give  the 
'^recoverable"  manganese  in  a  form  suitable  for  use  in  steel  manu- 
facture. The  recovery  in  making  ferromanganese  is  assumed  to  be 
73  per  cent,  and  in  making  spiegel  65  per  cent.  Where  the  exact 
analysis  of  the  ores  and  alloys  is  not  known,  the  figures  for  tons  of 
contained  metallic  manganese  are  estimated  on  the  basis  of  the  best 
data  avaflable. 

Table  6. — Imports  of  inarhganese  ores ^  1903-1918, 

(Long  tons.) 


Year. 


1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1018. 


Bussda. 


5,576 
11,959 
24.650 
13,805 

1,000 
250 
14,486 
33,120 
19,103 
83,834 
124,337 
52,661 


India. 


85,900 

10,200 

101,030 

154,180 

95,300 

143,813 

145,140 

140,965 

106,580 

128,645 

141,587 

103,583 

36,450 

51,960 

48,975 

29,275 


BrasiL 


76,910 

66,875 

114,670 

30,260 

52,922 

17,150 

35,600 

55,750 

41,600 

81,580 

70,200 

113,924 

366,786 

471,837 

512,517 

345,877 


Other 
coun- 
tries.* 


8,976 
13,106 

8,749 

52,524 

68,450 

116,151 


Total 
ores. 


146,056 
108.579 
257,083 
221.260 
209,021 
178,203 
212,765 
242,348 
176,852 
300,661 
345,090 
283,294 
313,985 
576,321 
629,942 
491,303 


Total 

mangar 

nese. 


55,350 

41,200 

114,340 

97,600 

71,950 

79,760 

96,800* 

110,250 

81,590 

142,700 

168,142 

134,640 

142,680 

259,317 

282,500 

204,137 


Rocovw- 

ablo  man- 
ganese, 
73  per 
cent. 


40,450 

30,100 

83,500 

71,350 

82,500 

58,150 

70,000 

80,500 

S0,fl0O 

104,200 

123,000 

98,300 

104,000 

189,300 

206,400 

149^200 


a  Chiefly  Cuba  and  Central  America.  In  1918  tlw  aoarces  were  as  folloiva  (flgores  ace  long  tons):  Cabs, 
82.974;  Co9ta  Rica,  9,680;  Panama^607;  Mexico,  5,251;  United  Kingdom  (prooablyreexported  Indian), 
4,362;  Chile,  2,098;  Argentine,  849;  China,  3,000;  Japan,  709;  misoellaneona  small  lots,72l« 


Table  7. — Domestic  •production  of  manganese  ores,^ 

(Tons  of  2,240  pounds.) 


Item. 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

Ferro  grade:  h 

Total  ores 

l,6Gt 
765 
560 

107,569 
20,994 
13,650 

14,210 

4,048 
1,860 
1,300 

138,089 
20,043 
13,420 

14,780 

2,365 

1,090 

795 

158,582 
25,170 
16,360 

17,155 

9,709 
4,470 
3,260 

207,511 
32,093 
20,850 

24,110 

26,997 

11,880 

8,670 

364,486 
58,318 
37,900 

46,570 

114,216 
48,000 
35,000 

732,618 

116,880 
76,000 

111,000 

294,497 
118,000 

Recorerab^  manganese 

Splejral  grade:  e 

Total  oresd 

86,000 
831,000 

TotalinanniM>iw.^.    ^..^.u 

125,000 
81,200 

167,200 

Recoverable  manganese 

Total  recoverable  manganese, 
both  erades 

a  Data  in  part  from  Hewett,  D.  F.,  Our  mineral  supplies;  manganese:  U.  S.  Oeol.  Survey  Bull.  06G-C. 
1917,  p.  4,  and  in  part  from  Mineral  Resources  U.  8..  U.  B.  Geol.  Survey,  for  several  years. 

b  Ferro  grade.  1913-1917. 40+  per  cent  manganese;  in  1918,  grade  was  dropped  to 35+  i>or  cent  manganese, 

c  Spiegel  grade,  1913-1917, 15  to  40  per  cent  manganese;  in  1918,  griide  was  dropped  to  10  to  35  per  cent 
manganese. 

d  Includes  manganiferous  zinc  residuum,  but  excludes  manganiferous  ores. 
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GENERAL  INFORMATION  REGARDING  MANGANESE. 

Table  8. — Imports  and  production  of  manganese  alhys,  1905-1918  fi 

[Tons  of  2,240  pounds.] 


Ferromanganese. 

Spiegeleisen. 

Total 
manga- 
nese, 
both  al- 
loys. 

Year. 

Im- 
ports. 

Produc- 
tion. 

Total 
alloy. 

Total 
manga- 
nese. 

Im- 
ports. 

Produc- 
tion. 

Total 
alloy. 

Total 
.  man- 
ganese. 

Steel  pro- 
duced. 

1905 

1906 

1907 

1906 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

52,841 
84,359 
87,400 
44,624 

114,228 
80,263 
99,137 

128,070 
82,997 
55,263 
90,928 
45,381 
26,200 

62,186 

55,520 

55,918 

40,642 

82,209 

71,376 

74,602 

125,378 

119,495 

106,083 

149,521 

221,532 

260^125 

333,027 

115,027 
139,879 
143,318 
8.5,266 
171,143 
185,604 
154,865 
224,515 
247,565 
189,080 
204,784 
312,460 
305,506 
357,227 

92,020 
112,000 
114,800 

68,150 
137,000 
148,300 
123,900 
179,700 
198,050 
151,250 
163,800 
249,970 
244,400 
274,000 

55,457 
103,268 

4o,  «W4 

4,579 

16,921 

25,383 

20,970 

1,015 

77 

2,870 

200 

227,797 
244,980 
283,430 
111,370 
142,831 
153,055 
104,013 
102,561 
110,338 
79,935 
97,885 
194,002 
192,965 
283,853 

283,254 
348,248 
332,424 
115,955 
159, 752 
178,438 
124,983 
103,576 
110,415 
82,805 
98,085 
194,002 
192,985 
283,853 

56,650 
69,650 
66,500 
23,200 
31,950 
35,700 
25,000 
20,700 
22,000 
16,560 
19,600 
38,800 
38,600 
51,000 

138,670 
18,1650 
181,300 
91,350 
168,950 
184,000 
148,900 
200,400 
220,050 
167,810 
183,400 
288,770 
283,000 
325,000 

20,023,947 
23,306,136 
23,362,584 
14,023,247 
23,955,021 
26,094,019 
23,678,106 
31,251,308 
31,300,874 
23,513,030 
32,151,036 
42,773,680 
45,080,607 
42,212,000 

1917 

1918 

a  T>ata  compiled  from  various  sources,  largely  from  the  statistical  bulletins  of  the  American  Iron  and 
Steel  Institute. 

The  figures  in  these  tables  tell  briefly  the  history  of  the  manganese 
industry  for  a  number  of  years  past.  Thus,  Table  6  shows  how 
imports  from  Russia  ceased  early  in  the  war  and  imports  from  India 
declined;  whereas  imports  from  Brazil  increased  enormously  up  to 
1918,  when  restrictions  on  account  of  the  shortage  of  ships  caused 
a  decrease.  During  1918,  however,  imports  from  Cuba  and  from 
Central  American  countries  practically  doubled  the  1917  figure. 

The  domestic  industry  shows  the  first  effects  of  the  war  in  1916. 
From  that  time  on,  domestic  production,  both  of  ores  and  of  ferro- 
manganese,  increased  rapidly. 

Table  8  shows  that  dividing  the  total  pounds  of  metallic  manga- 
nese in  all  alloys  produced  and  imported  during  the  14  years,  1906  to 
1918,  by  the  total  tons  of  steel  produced  during  the  same  period 
gives  a  quotient  of  15.5  pounds  of  manganese  per  ton  of  steel.  As 
there  were  heavy  stocks  on  hand  at  the  end  of  1918,  it  is  probable 
that  the  true  average  figure  for  metallic  manganese  consumed  per  toti 
of  steel  is  more  nearly  15  pounds. 

No  comprehensive  figures  showing  the  consumption  of  ''chemical" 
ore  are  available.  The  requirements  of  the  United  States  are  under- 
stood to  be  25,000  to  40,000  tons  annually.  In  the  past  these  ores 
were  largely  imported  from  Russia.  Recently  they  have  come  in 
part  from  domestic  sources  and  in  part  from  Japan,  Brazil,  and 
other  countries. 


CHAPTER  2.— USES    OF    MANGANESE    OTHER    THAN    IN 

STEEL  MAKING. 


By  W.  C.  Phalex. 


IlTTBODTJCTIOir. 

This  report  is  divided  into  two  parts — ^use  of  manganese  dioxide 
ore;  use  of  manganese  bronze. 

USES   OF   MAITGAHESE   DIOXIDE   ORE. 

GENERAL  REMARKS. 

Estimates  of  the  quantity  of  manganese  ore  used  in  the  industries, 
other  than  metallTU'gical,  range  from  25,000  to  50,000  tons  per  annum. 
The  latter  figm-e  is  probably  more  nearly  correct.  Most  of  the  ore 
Used  is  the  highest  grade  of  pyrolusite  (MnO,)  obtainable  and  com- 
mands a  much  higher  price  than  metallTu^cal  ore.  The  manganese 
dioxide  ore  is  generally  termed  chemical  manganese  ore. 

Manganese  ore,  as  an  oxidizing  agent,  is  used  in  the  manufacture  of 
dry  cells,  as  a  decolorizer  in  certain  kinds  of  glass,  and  as  a  drier  in 
oils,  paints,  and  varnishes.  The  ore  is  also  used  directly  or  indirectly 
in  the  manufacture  of  various  manganese  chemicals.  Many  of  the 
textbooks  describe  its  reaction  with  hydrochloric  acid  as  a  source  of 
chlorine.  It  is  no  longer  used  commercially  in  making  chlorine  gas, 
as  the  latter  is  an  abimdant  by-product  in  the  manufacture  of  caustic 
soda  and  potash.  Some  chlorine  may  be  made  by  this  method  when 
the  object  is  the  production,  not  of  chlorine,  but  of  manganese  chlo- 
ride. The  ore  has  been  mentioned  as  a  soil  stimidant,  but  its  value 
in  the  fertilizer  industry  has  not  been  established,  and  so  fur  as 
known  it  is  not  a  constituent  of  any  commercial  fertilizers.  Only 
those  uses  of  commercial  importance  are  mentioned  here. 

THE  DRY  CELL. 
GENERAL   DESCBIFTIOX. 

To  show  the  importance  of  manganese  dioxide  in  the  dry  cell,  the 
general  make-up  of  the  cell,  the  chemistry  of  the  processes  involved, 
and  the  constituents  entering  into  the  reactions  are  described  here- 
with. 

The  modem  dry  cell,  conmionly  but  erroneoiisly  called  the  dry  bat- 
tery, is  a  portable  modification  of  the  ''Disque"  Leclanche  cell 
invented  by  Leclanche  about  1868.    That  consisted  of  a  porous  cup 
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containing  a  carbon  electrode  and  a  mixtiu^e  of  rather  coarsely  ground 
retort  coke  and  pyrolusite.  The  cup  was  sealed^  two  vents  being 
left  for  the  escape  of  gases^  and  was  placed,  with  a  zinc  rod,  in  a  glass 
jar  c(mtaining  a  solution  of  ammonium  chloride.  Because  of  the  sim- 
plicity and  ease  of  operation  of  this  cell,  many  attempts  were  made 
to  fix  the  electrolyte  in  various  media,  such  as  sawdust,  gelatin,  asbes- 
tos, and  silicic  acid,  so  as  to  make  the  cell  portable. 

In  1888  Gassner  brought  out  the  first  really  successful  dry  cell. 
The  positive  pole  consisted  of  a  cylindrical  mass  of  groimd  pyrolusite 
and  coke  packed  in  a  canvas  bag  around  a  carbon  electrode.  This 
was  placed  in  a  zinc  container  which  also  served  as  the  negative  pole, 
and  a  paste  of  plaster  of  Paris,  zinc  chlori4e,  and  ammonium  chloride 
was  poured  under  and  around  it.  As  soon  as  the  paste  had  set  the 
cell  was  sealed  with  a  rosin  or  pitch  composition. 

The  Gassner  cell,  though  a  great  improvement  over  various  other 
dry  cells,  did  not  meet  with  much  favor  because  of  its  high  internal 
resistance  and  low  voltage.  The  highest  current  that  could  be  ob- 
tained was  about  6  amperes,  audits  voltage  was  about  1.3.  Hence 
its  use  was  limited  to  service  requiring  only  small  current  drains. 

DEVELOPMENT. 

The  advent  of  the  gasoline  engine  greatly  stimulated  the  develop- 
ment and  production  of  the  present  type  of  dry  cell.  Ignition  sys- 
tems demanded  a  cheap  portable  cell  able  to  recuperate  after  com- 
paratively heavy  current  drains  and  by  1897  the  manufacture  of  such 
cells  had  attained  considerable  volume.  The  present  normal  yearly 
requirements  of  dry-cell  production  include  about  25,000  tons  of 
high-grade  manganese  dioxide  ore,  an  equal  amount  of  carbon  (petro- 
leum coke  and  graphite)  and  8,000  to  10,000  tons  of  sheet  zinc, 
besides  corresponding  quantities  of  zinc  chloride,  ammonimn  chlo- 
ride, paper,  carbon  electrodes,  pitch,  and  sundry  other  substances. 

METHOD   OF   MANUFACTURE. 

In  the  modem  American  dry  cell  of  the  usual  type,  the  negative 
pole  is  a  cylindrical  zinc  can  which  also  serves  as  a  container.  Sev- 
eral sizes  of  cells  are  on  the  market,  the  great  majority,  however, 
being  about  2^  inches  in  diameter  by  6  inches  high  (the  so-called 
No.  6  cell) .  The  inner  surface  of  the  zinc  is  lined  with  a  special  grade 
of  absorbent  paper,  which  acts  as  a  reservoir  for  the  electrolyte  and 
as  a  diaphragm  between  the  zinc  and  the  positive  pole.  The  depolar- 
izing mass,  called  the  '^mix,'^  is  tightly  tamped  into  the  can,  around 
a  centrally  placed  carbon  electrode,  to  about  1  inch  from  the  top.  This 
''mix'^  is  composed  of  ground  carbon  (usually  calcined  petroleum  c^ke 
and  graphite)  manganese  dioxide  ore,  and  the  electrolyte.  The  mix 
Fith  the  carbon  electrode,  constitutes  the  positive  pole.     After  the  mix 
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has  been  tamped,  the  paper  is  turned  down  over  the  mix;  sand  or 
sawdust  is  poured  in,  to  a  depth  of  about  one-half  inch,  and  the  cell  is 
sealed  with  a  hot  pitch  composition.  The  object  of  the  layer  of  sand 
is  to  provide  an  expansion  chamber  for  the  electrolyte  and  the  excess 
gas,  and  also  to  provide  a  dry  bed  for  the  hot  pitch. 

CONSTrnJENTS  TSED. 

The  sheets  used  for  the  cans  are  substantially  pure  zinc,  prime 
western  spelter  being  generally  used,  and  are  usually  about  0.016  to 
0.019  inch  thick  in  the  2^  by  6  inch  cells.  Comparatively  little  of 
the  zinc  is  used  up  during  the  service  life  of  a  cell.  The  mechanical 
strength  to  withstand  filling  and  the  fact  that  the  can  corrodes  un- 
evenly, in  spots,  patches,  or  streaks,  must  be  taken  into  account 
when  considering  the  necessary  thickness.  One  of  the  problems  of 
the  dry  cell  manufacturer  is  to  construct  the  cell  so  as  to  make  this 
corrosion  uniform. 

Formerly,  blotting  paper  was  largely  used  for  lining  the  cans,  but 
at  present  most  manufacturers  use  a  special  grade  of  pulp  board. 
This  is  of  ground  wood  pulp  and  sulphite  pulp,  and  is  0.03  to  0.04  inch 
thick.  The  pulp  board  should  be  porous  enough  to  allow  the  elec- 
trolyte to  diffuse  readily  through  it,  but  still  retain  the  smallest  par- 
ticles of  carbon  and  manganese;  and  it  should  be  capable  of  absorbing 
several  times  its  weight  of  water.  Furthermore,  it  should  obviously 
be  free  from  metallic  particles. 

FUNCTIONS  OP   DIFFERENT   CONSTITUENTS. 

The  depolarizing  mass  or  ^^mix''  is  the  vital  part  of  the  cell.  To 
render  the  most  efficient  service  its  different  components  must  be 
properly  proportioned. 

The  ammonium  chloride  should  be  as  pure  as  the  usual  chemically 
pure  article.  It  should  be  substantially  free  from  alkalies,  sulphates, 
inert  material,  and  heavy  metals.  When  the  cell  is  discharging,  by 
virtue  of  the  carbon,  manganese  dioxide,  and  zinc  couple  the  ammo- 
nium chloride  is  split  up  into  hydrogen,  ammonia,  and  chlorine, 
which  attacks  the  zinc  can,  forming  zinc  chloride.  The  reaction  is: 
Zn  +  2NH^Cl  =  ZnCla  +  2NH3  +  2H.  The  liberated  gases  cause  polar- 
ization. 

Artificial  graphite  is  generally  used,  several  grades  of  it  being  made 
for  dry  cells.  The  graphite  does  not  enter  into  the  chemistry  of  the 
cell,  merely  serving,  with  the  coke,  to  render  the  mix  more  conduc- 
tive. The  coke  used  is  calcined  petroleum  coke — that  is,  residues 
remaining  in  petroleum  stills.  When  raw  it  is  practically  a  noncon- 
ductor. However,  on  being  calcined  at  a  high  temperature  it  be- 
comes denser  and  as  good  a  conductor  as  the  better  grades  of  amor- 
phous natural  graphite. 
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The  relative  fineness  of  the  graphite,  coke,  and  manganese  ore  and 
their  distribution  should  be  so  uniform  as  to  make  the  mix  approach 
a  solid  porous  mass.  The  current  should  flow  along  radial  lines  from 
the  carbon  electrode  to  every  point  on  the  surface  of  the  mix  adja- 
cent to  the  paper  lining.  The  ideal  condition  is  to  have  each  par- 
ticle of  manganese  coated  with  enough  carbon  to  render  it  a  good 
conductor  but  still  porous  enough  to  permit  efficient  depolarization, 
while  the  voids  should  be  filled  with  the  porous  coke. 

The  zinc  chloride  should  be  as  free  as  possible  from  heavy  metals. 
Its  function  is  to  depolarize  the  ammonia,  which  it  does  by  the  forma* 
tion  of  double  salts  of  zinc  and  ammonium  chloride.  No  exact  in- 
formation is  available  as  to  the  reactions  involved,  but  it  appears 
that  a  slightly  soluble  double  chloride  of  zinc  and  ammonium  is 
formed  as  the  end  product.  During  the  earlier  part  of  the  service 
life  of  a  cell,  inefficient  depolarization  of  the  ammonia  is  probably 
often  the  cause  of  failure  under  heavy  drains.  A  cell  that  has  been 
short-circuited  or  subjected  to  a  heavy  drain  smells  strongly  ammo- 
niacal  when  opened.  Another  cause  of  dry-cell  failure  is  the  forma- 
tion of  a  highly  resistant,  nonporous  crust  between  the  paper  lining 
and  the  zinc  can,  probably  through  the  formation  of  the  double  salt 
mentioned  or  the  formation  of  zinc  hydrate, 

ROLE  OF  MANGANESE. 

The  manganese  serves  to  depolarize  the  hydrogen.  The  reaction 
involved  is  usually  given  as  follows:  2H  +  2Mn03  =  Mn20j+H30. 
The  manganese  reacts  almost  instantaneously  in  depolarizing  the 
hydrogen,  very  likely  while  the  latter  is  still  nascent. 

CHARACTER   OF   MANGANESE   ORE   USED." 
CHEMICAIi  REQUIREMENTS. 

Several  factors  determine  the  suitability  of  manganese  ore  for  dry 
cells.  The  ore  should  have  a  high  available  oxygen  content  present 
in  the  form  of  pyrolusite  (MnOj),  should  have  a  minimum  amount  of 
iron,  and  should  be  free  from  copper,  nickel,  cobalt,  arsenic,  and 
other  metals  electronegative  to  zinc.  Copper  is  particularly  harmful. 
If  these  impurities  are  present  in  the  electrolyte  or  insoluble  com- 
pounds they  do  no  harm  other  than  as  inert  or  poor  conducting 
materials.  If  soluble,  however,  their  solutions  diffuse  to  the  zinc 
can,  where  they  are  deposited,  forming  an  electrocouple  which  causes 
local  and  useless  corrosion  of  the  zinc  and  consequent  deterioration 
of  the  cell.  When  the  cell  is  in  service,  the  deleterious  action  of  these 
impurities  is  greatly  hastened, 

a  Storey,  O.  W.,  Determination  of  manganese  dioxide  in  pyrolusite:  C.  F.  Burgess  Laboratories,  ICadl* 
gon,  Wis. 
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PSYSICAZ.  BEQ17IBEMZHTS. 

The  physical  properties  of  manganese  ores  influence  their  suita- 
bility for  use  in  the  dry  cell.  An  ore  should  be  somewhat  porous  to 
perform  its  function  efficiently.  A  somewhat  hard  but  porous  ore  is 
likely  to  give  better  results  than  a  hard,  dense  ore,  even  though  the 
latter  is  higher  in  available  oxygen.  In  a  dense  ore  the  depolarizing 
reaction  takes  place  only  on  the  surface,  whereas  in  a  porous  ore  it 
can  occur  throughout  the  mass.  Better  service  life  is  obtained  from 
a  dry  cell  containing  rather  coarsely  ground  ore,  as  this  can  hold 
more  electrolyte  than  finely  ground  ore.  Other  factors  of  importance 
are  the  porosity  of  the  ore  and  the  fact  that  more  contact  resistance 
exists  between  particles  of  fine  ore  than  those  of  coarse  ore.  Careful 
grading  of  the  ore  greatly  influences  the  performance  of  a  cell.  The 
ore,  therefore,  should  not  be  of  an  earthy  nature  like  wad,  as  this 
mineral  does  not  lend  itself  to  efficient  milling  and  grading. 

Before  the  war  the  manganese- ore  used  in  dry  cells  was  Caucasian 
pyrolusite.  Common  specifications  called  for  material  containing 
80  to  85  per  cent  MnO^  and  less  than  1  per  cent  iron.  No  particular 
attention  was  given  to  other  ingredients,  at  least  by  most  buyers, 
because  of  the  purity  and  uniformity  of  the  Caucasian  ore.  There 
are  considerations  other  than  the  content  of  MnOj  which  determine 
the  usefulness  of  manganese  for  depolarizer  purposes,  such  as  the 
screen  analysis,  hardness,  density,  and  other  physical  qualities. 
Various  manufacturers  employ  diflFerent  specifications  as  to  the 
screen  analysis,  a  common  specification  being  that  the  nm  of  material 
shall  pass  through  a  10-mesh  or  a  20-mesh  screen.  Some  manufac- 
turers specify  the  removal  of  the  fine  particles. 

During  the  war  manganese  from  many  other  sources  was  used  in 
making  dry  cells  because  of  the  scarcity  of  the  Caucasian  ore.  Most 
of  these  ores  run  lower  in  MnO,  and  higher  in  iron  and  have  larger 
percentages  of  impurities,  some  of  which  are  decidedly  harmful. 
During  the  war  users  accepted  material  that  ran  70  to  80  per  cent 
MnOj  and  as  high  as  3  to  4  per  cent  iron.  Users  have  found  by 
experiment  and  manipulation  how  to  get  residts  with  domestic  ores 
and  foreign  ores  other  than  Caucasian,  closely  approximating  the 
results  obtained  with  Caucasian. 

An  important  source  of  manganese  dioxide  during  the  war  was  the 
ore  from  old  dry  cells,  which  was  rejuvenated  by  processes  generally 
kept  secret  by  the  firms  employing  them.  Such  processes  doubtless 
contributed  to  the  conservation  of  our  high-grade  domestic  man- 
ganese ore. 

In  the  manufacture  of  dry  cells  two  classes  may  be  recognized — 
the  standard  or  so-called  No,  6  cell,  which  is  used  for  ignition,  tele- 
phone, signal,  and  other  similar  purposes;  and  the  small  size,  or 
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flash-light  type,  which  is  used  for  portable  lighting.  The  quantity 
of  pyrolusite  ores  used  in  the  standard  No.  6  cell  is  far  larger  than 
that  used  in  other  sizes.  In  the  manufacture  of  flash  lights,  which  is 
growing  rapidly,  the  higher  grades  of  materials  are  required,  such  as 
80  to  85  per  cent  ore  that  has  been  purified  and  also  various  grades 
of  chemically  prepared  manganese  dioxide  and  hydrates  of  man- 
ganese. 

IUlSGAJSTESE  OBES  ISr  the  CE3LAXLC  INDTTSTBIES. 

GLASS   MAKING. 

Practically  all  the  raw  materials  used  in  glass  contain  some  iron, 
usually  in  the  form  of  ferric  oxide.  The  iron,  when  present  even  in 
small  quantity,  imparts  to  the  glass  a  pale  green  color  that  increases 
rapidly  in  intensity  as  the  iron  content  increases.  If  a  colorless  glass 
is  desired,  this  green  color  must  be  removed  by  some  decolorizer. 
Manganese,  selenium,  cobalt,  and  nickel  are  the  most  common 
decolorizers  in  use,  and  of  thqse  manganese  has  been  most  widely 
employed  because  it  permits  easy  control  of  the  color.  In  using 
selenium  and  nickel,  the  quantity  must  be  carefully  controlled,  but 
these  latter  substances  are  desirable,  especially  in  window  and  plate 
glass,  because  glass  decolorized  with  manganese  often  changes  to  a 
pink  color  on  exposure  to  the  light.  A  decreasing  quantity  of  man- 
ganese is  being  used  by  makers  of  tank  glass,  and  its  place  is  being 
taken  by  selenium. 

The  quantity  of  manganese  used  varies  considerably,  depending 
on  the  character  of  the  glass,  the  method  of  its  manufacture,  the 
iron  content  of  the  raw  materials,  and  the  character  of  the  manga- 
nese ore  used.  Each  manufacturer  has  his  own  ideas  on  this  subject. 
The  quantity  used  is  figured  in  terms  of  pounds  of  manganese  dioxide 
per  1,000  pounds  of  sand,  which  constitutes  50  to  75  per  cent  by 
weight  of  the  entire  batch.  The  temperature  employed  in  the  glass- 
making  process  helps  to  determine  the  quantity  of  manganese 
dioxide  used,  for  because  of  volatilization  the  higher  the  tempera- 
ture, the  more  manganese  is  necessary.  The  maximum  limit  is  10 
to  15  pounds  of  manganese  dioxide  per  1,000  pounds  of  sand,  and 
the  minimum  may  be  2  to  2  J  pounds. 

CHSMISTBY  OF  UBE  OF  HAHOAVXSE  XV  OLAfiS-MAlOSO  F&OGBSfi. 

Compounds  of  manganese,  when  other  coloring  ingredients  are 
absent,  produce  pink,  purple,  and  violet  hues  according  to  the  chem- 
ical nature  of  the  glass.  Manganese  dioxide  neutralizes  the  green 
color  caused  by  iron  compounds.  Used  in  excess,  it  imparts  an  ame- 
thyst tint,  and  when  used  in  considerable  excess,  the  color  is  so 
dark  as  to  appear  black. 

The  neutralization  of  the  iron  tint  by  manganese  dioxide  is  ex- 
)lained  by  some  chemists  on  a  physical,  and  by  others  on  a  purely 


MANGANESE   OBES  IN  THE   CERAl^G   INDUSTBIES.  21 

chemical  basis.  The  green  tint  is  due  to  the  presence  of  ferrous 
silicate.  Some  chemists  think  that  this  green  compound  is  oxidized 
to  the  ferric  silicate,  which  has  an  almost  imperceptible  pale  straw- 
yellow  color.  According  to  this  view,  the  oxidizing  agent  used 
must  not  completdy  decompose  at  high  temperatures,  and  manga- 
nese dioxide  seems  to  be  the  most  available  compound  fulfilling  this 
condition.  At  red  heat,  the  dioxide  loses  one-third  of  its  oxygen, 
leaving  the  tetraoxide  (Min/y^)  which,  at  still  higher  temperatures, 
is  an  oxidizing  agent. 

Red  lead  and  other  oxidizing  ag^its  have  not  this  decolorizing 
power.  Hence  scwne  cheniists  have  thought  that  the  result  is  not 
due  to  oxidation,  or  chemical  reaction,  but  is  purely  physical.  It 
is  possible;  however,  that  other  compounds  may  lose  their  oxygen 
at  too  low  temperatures  to  be  effective  as  oxidizing  agents. 

fiPECIFSCATIONS    FCtt    MANGANESE   ORE    USED    IN    MAKING   GLASS. 

Before  the  wur,  the  ordinary  spedfications  for  manganese  ore 
used  in  glass  miJdng  were  85  to  90  pear  eeait  manganese  dioxide  and 
less  than  1  per  cent  metallic  iron.  Outside  of  these  two  ingredients, 
each  manufacturer  has  his  own  requinements.  %)ecial  glasses  may 
require  ore  carrying  more  than  90  per  cent  manganese  dioxide  and  less 
than  0.5  per  cent  iron.  The  higher  the  manganese  content  and  the 
lower  the  iron,  the  better  the  ore  is  for  ^ass  making.  In  general, 
the  grades  of  ore  are  similar  to  those  used  in  making  dry  cells. 
Obviously,  siliceous  pyrolusite  is  not  objectionable  but  carbonaceous 
pjrrolusite  is. 

Manganese  ore  for  glass  making  is  sold  in  powdered,  granulated, 
or  lump  form.  There  are  objections  to  the  lump  form  because  of 
the  time  required  to  melt  it  into  the  batch.  Powd^:^  ore  is  used 
principally  when  the  batch  is  melted  in  pots;  lump,  or  granular  ore 
is  used  when  melting  is  done  in  tanks. 

Before  the  war,  high-grade  pyrolusite  for  glass  making  and  other 
chemical  purposes  was  imported  frc^n  Russia,  Saxony,  Japan, 
Nova  Scotia,  and  other  foreign  countries.  As  the  war  progressed, 
such  ore  became  scarce  and,  as  a  consequence,  specifications  were 
relaxed  and  low-grade  ores  were  purchased.  During  the  war  some 
excellent  domestic  ore  was  developed,  which  found  a  ready  market. 

OTHER    CERAMIC  USES. 

Another  use  for  manganese  ore  in  glass  making  has  developed  in 
the  last  few  years,  namely,  for  producing  black  glass  used  for  orna- 
mental purposes.  About  3  per  cent  of  ore  is  added  to  the  batch  in 
making  this  opaque  glass. 

Pyrolusite  is  added  to  the  constituents  c^  glazes  and  enamels  to 
produce  purple  tints.  Black  enamels  are  those  containing  manga- 
nese.   Manganese  oxide  is  also  used  in  brick  making. 
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USE  OF  XANGANESE  SAI<TS  IH  DEIEE8. 

DEFINITION. 

Driers  are  substances,  generally  metallic  oxides  or  their  compounds, 
that  are  added  to  linseed  or  other  drying  oils  at  high  or  low  tempera- 
tures to  make  them  capable  of  readily  absorbing  oxygen  from  the 
air,  or  of  drying  by  its  action.  Some  chemists  consider  the  action 
to  be  catalytic,  the  manganese  compound  acting  as  a  catalyser  or 
carrier  of  oxygen.  The  principal  manganese  compounds  used  as 
driers  are:  Manganese  sesquioxide  (MujO,),  pyrolusite  (MnO,),  also 
known  in  the  trade  as  dioxide,  binoxide  or  peroxide,  manganese 
hydrate,  sulphate,  borate,  resinate,  linoleate,  oxalate,  and  possibly 
other  salts.  Certain  of  the  corresponding  double  salts  of  manga- 
nese and  lead  are  often  used. 

Some  persons  claim  that  pyrolusite  is  now  little  used  in  driers 
because  the  manufactured  hydrate,  on  account  of  its  purity,  gives 
better  results.  This  claim  does  not  agree  with  statements  made  by 
dealers  in  the  trade.  Of  the  various  substances  named  above,  each 
acts  in  a  way  peculiar  to  itself.  These  driers  are  added  only  in 
small  quantities,  usually  less  than  0.5  per  cent. 

BIANGAXESE  DIOXIDE. 

Manganese  dioxide,  extensively  used  as  a  drier,  is  marketed  in 
two  forms,  the  natural  and  the  artificial.  The  natural  mineral, 
pyrolusite,  is  simply  ground  to  a  powder  with  water  and  then  dried. 
ITie  mineral  is  essentially  a  peroxide,  a  class  of  substances  containing 
more  oxygen  than  is  required  to  satisfy  the  valence  of  the  metal 
present.  This  extra  oxygen  is  loosely  combined  and  readily  enters 
into  combination  with  oxidizable  bodies.  This  feature  in  tlie  com- 
position of  manganese  compoimds  makes  them  useful  in  oil  boUing, 
because  the  oxygen  combines  with  the  oil,  oxidizing  it,  while  some 
of  the  manganese  dissolves  and  forms  a  compound  with  the  linoleic 
acid  of  the  oil.  In  consequence  of  this  action  manganese  compounds 
are  powerful  driers.  The  quantity  of  manganese  dioxide  added  in 
the  process  of  boiling  is  small,  not  more  than  a  quarter  of  a  pound  to 
a  hundred  weight  of  oil  to  get  the  best  results.  The  use  of  the  black 
dioxide,  however,  tends  to  make  the  oil  dark. 

MANGANESE    SULPHATE. 

The  methods  of  preparing  this  compound  and  its  uses  are  de- 
scribed on  page  24.  Rather  less  than  one-half  a  pound  is  added  to 
each  hundred  weight  of  oil  or  paint.  Oil  boilers  use  it  laigely  as  a 
dryer  of  pale  boiled  oils. 

MANGANESE   BORATE. 

Manganese  borate  is  perhaps  the  least  objectionable  of  all  the 
manganese  salts  used  as  drying  agents,  although  the  black  oxides 
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are  more  used.  To  make  the  borate,  1  part  of  manganese  sulphate 
is  dissolved  in  10  parts  of  distilled  water  and  a  little  of  this  solution 
is  added  to  some  soda  solution  to  determine  whether  any  iron  is 
present.  If  pure,  the  manganese  sulphate  solution  is  added  to  the 
hot  borax  solution  as  long  as  a  precipitate  forms.  The  precipitate 
is  filtered,  washed  with  hot  water,  and  dried. 

MANGANESE   RESINATE. 

Resinates,  formed  by  the  combination  of  resin  or  rosin  with  cer- 
tain metallic  oxides,  are  much  used  in  making  vamish  and  paint 
and  with  the  exception  of  the  linoleates  are  most  readily  soluble  in 
linseed  oil.  Manganese  resinate  is  made  as  follows:  Soda  ash  is 
dissolved  in  water  and  the  solution  is  boiled  with  steam,  the  proper 
proportion  of  light  coarsely  powdered  rosin  is  added,  and  then  more 
soda  ash.  The  clear  solution  is  rim  into  a  clear  manganese  chloridoi 
the  resinate  separating  as  a  white  flocculent  precipitate,  which  is 
filtered,  washed,  and  dried. 

MANGANESE   LINOLEATE. 

Manganese  Unoleate  is  made  by  pouring  a  solution  of  a  soap,  made 
b;^  boiling  linseed  oil  and  caustic  soda  into  a  solution  of  manganese 
chloride  or  manganese  sulphate.  The  dark-brown  plaster-Uke  mass 
is  liable  to  oxidation.  When  exposed  to  air,  the  surface  becomes 
covered  with  a  hard,  rather  insoluble,  protective  skin.  The  material 
should,  therefore,  be  kept  in  tightly  closed  vessels.  It  acts  both  as 
a  bleaching  agent  and  a  drier  for  linseed  oil.  One  pound,  mixed 
first  with  5  pounds  of  linseed  oil  and  the  whole  poured  into  10  gallons 
of  linseed  oil  at  250®  F.  gives  a  good  drying  oil. 

The  double  resinates  and  linoleates  of  manganese  and  lead  are 
also  in  use. 

MANGANESE   OXALATE. 

'Manganese  oxalate  is  prepared  by  precipitating  manganese  salts 
with  oxalate  of  soda  or  potash  or  by  treating  manganese  hydrate  or 
carbonate  with  oxalic  acid.  One  of  the  advantages  of  the  oxalate 
is  said  to  be  that  it  decomposes  during  oil  boiling.  The  manganese 
dissolves  in  the  oil  in  combination  with  linoleic  acid,  and  the  oxalic 
acid  is  decomposed  with  evolution  of  carbonic  acid.  One-fourth  to 
one-half  a  pound  may  be  used  per  hundred  weight  of  oil. 

USE  OF  MANGANESE  IN  MISCELLANEOUS  CHEMICALS. 

MANGANESE   CHLORIDE. 

Manganese  chloride  (MnCl,)  is  prepared  by  the  action  of  hydro- 
chloric acid  on  the  dioxide,  chlorine  being  a  by  product  of  the  reaction. 
It  is  a  rose  red,  deliquescent  salt  used  in  dyeing  cotton  cloth  a  man- 
ganese brown  or  bronze.    The  fabric  to  be  dyed  is  soaked  in  the  salt 
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solution  and  passed  through  a  caustic  alkali,  whereby  manganese 
hydroxide  is  precipitated  in  the  fabric  and  on  subsequent  oxidation 
turns  brown.  The  material  thus  treated  may  be  used  also  for  sub- 
sequent dyeing  by  anilin  black. 

MANGANESE   StTLPHATE. 

Manganese  sulphate  (MnSO^)  may  be  prepared  on  a  large  scale 
from  the  black  dioxide  by  heating  to  ^-edness  with  ferrous  sulphate 
and  subsequently  extracting  with  water.  The  salt  forms  pink  crys- 
tals which  are  readily  soluble  in  water  and  are  used  in  calico  printing 
and  in  porcelain  painting.  It  is  also  used  as  a  drier  for  pale  oils  or 
for  conversion  into  the  oxalate  or  borate  which  are  used  for  the  same 
purpose. 

MANGANESE   PERSULPHATE. 

Manganese  persulphate,  Mn  (804)2  ^  prepared  by  the  electrolytic 
oxidation  of  manganous  sulphate  (MnSO^)  and  forms  a  black  sub- 
stance that  can  be  obtained  in  solution  only  in  the  presence  of  sul- 
phuric acid.  It  is  used  as  an  oxidizing  agent  in  the  manufacture  of 
organic  products. 

POTASSIUM   PERMANGANATE. 

Potassium  permanganate  (EIMnO^)  is  prepared  industrially  by 
mixing  a  solution  of  caustic  potash  (KOH),  specific  gravity  1.44, 
with  powdered  manganese  dioxide  and  an  oxidizing  agent,  such  as 
potassium  chlorate.  The  mixture  is  boiled  and  evaporated,  and  the 
residue  is  fused  in  crucibles  and  heated  until  it  has  a  pasty  consist- 
ency. The  potassium  manganate  (K2Mn04)  thus  obtained  is  dis- 
solved by  boiling  with  much  water  while  a  current  of  chlorine,  carbon 
dioxide,  or  ozone  is  passed  through  the  liquid.  Potassium  perman- 
ganate separates  in  crystalline  form  from  concentrated  solutions 
even  in  the  presence  of  the  caustic  potash  formed  during  the  reaction, 
and  is  separated  from  the  dissolved  substances  in  a  hydroextractor. 

The  permanganate  is  used  for  preserving  wood;  it  is  also  used 
for  bleaching  textile  fibers,  by  immersing  them  for  a  time  in  an 
aqueous  solution  of  it  and  then  dissolving  the  manganese  dioxide 
with  sodium  disulphite.  The  permanganate  is  an  energetic  disin- 
fecting and  oxidizing  agent  and  is  used  for  purifying  various  gases. 

USE   OF   HAITGANESE   IN   HAirOAlTESE   BRONZE. 

GENERAL  REMABKS. 

During  the  last  twenty  years  manganese  bronze  has  been  widely 
used.     The  requirements  of  marine  construction,  of  mining  machin- 
ery, and  wherever  corrosion  has  presented  a  serious  problem,  have 
created  a  demand  for  a  nonferrous  metal  to  replace  steel.     Probably 
he  most  popular  of  such  substitutes  has  been  manganese  bronze. 
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Manganese  bronze  made  its  first  appearance  about  1876.  Its  name 
is  somewhat  misleading  for  the  alloy  contains  only  a  small  percentage 
of  manganese.  Indeed,  it  is  simply  a  brass  to  which  have  been 
added  by  proper  methods  of  alloyings  small  quantities  of  aluminum, 
iron,  or  manganese,  for  the  purpose  of  strengthening  the  alloy  and 
mfllcing  it  denser  and  closer  grained  than  the  average  yellow-brass 
casting. 

FTTKCTXOir  OF  MANGANESE  IN  KANOANE8E  6BONZE. 

Manganese  bronze  should  not  contain  much  manganese,  in  fact 
not  more  than  0-05  per  cent  in  high-grade  bronze.  Consequently 
the  consumption  of  manganese  in  such  alloys  is  small.  The  object 
of  the  manganese  is  not  so  much  to  act  as  an  ingredient  of  the  alloy, 
as  to  serve  as  a  carrier  of  the  iron  necessary  to  insure  the  required 
strength  and  elastic  limit.  The  manganese  serves  one  purpose  only, 
to  introduce  the  iron,  for  without  the  manganese  the  iron  would  not 
alloy  with  the  copp^.  Usually  the  manganese  is  added  in  the  form 
of  ferromanganese.  If  added  in  large  quantities  it  hardens  the  alloy, 
but  not  nearly  as  much  as  iron ;  such  an  addition  also  loweis  the  elastic 
linut.     Aluminum  imparts  a  good  sand-casting  quality  to  the  bronze. 

Two  grades  of  manganese  bronze  are  now  in  common  use.  One 
is  used  for  roUing  into  sheets,  or  drawing  into  wire  or  tubes,  and  for 
forging.  This  grade  contains  no  aluminum,  and  has  slightly  less  zinc 
than  the  other  and  can  not  be  oast  in  sand.  The  second  alloy  is 
used  for  sand  casting  and  is  the  one  employed  in  making  propellers 
and  other  common  apphances. 

The  method  of  making  manganese  bronze — that  is,  the  materials 
used,  the  methods  of  combining  them,  and  the  process  for  casting-  - 
is  discussed  by  Sperry  ^  and  will  not  be  discussed  here. 

McKinney  *  describes  a  process  of  manufacturing  manganese 
bronze  wherein  is  used,  instead  of  virgin  metals  and  raw  materials 
of  the  highest  purity,  by-products  and  scrap.  The  methods  de- 
scribed are,  therefore,  timely. 

The  composition  of  manganese  bronze  is  as  follows: 

Composition  of  manganese  bronze. 

Constituent.  Per  cent. 

Copper 57. 00-59. 00 

Zinc 38. 0(M0. 00 

Iron,  manganese,  aluminum,  and  tin 25-  1. 00 

Lead 10-    .50 

Evidently  there  is  no  particular  need  of  using  high-grade  materials, 
provided  the  finished  product  is  properly  refined.  Among  the  low- 
grade  materials  suggested  for  use  in  making  manganese  bronze  are 

a  Sperry,  £.  F.,  Manganese  bronze  and  its  mannfacture:  Brass  World,  vol.  1,  December,  1905,  pp.  399-406. 
b  McKinney,  P.  E.,  Manganese  bronze:  Am.  Inst.  Min.  Eng.  Bull.  146,  February,  1919,  pp.  421-425. 
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the  following:  Skimmings  from  the  foundry,  especially  skimmings 
and  dross  ordinarily  recovered  from  brass  rolling  mills  or  cartridge-case 
plants;  zinc  dross  recovered  from  galvanizing  plants;  aluminum 
turnings  that  are  generally  unrecoverable  without  serious  loss  and 
deterioration  of  product  through  oxidation,  and  other  by-products 
and  scrap  metals  that  ordinarily  are  not  usable  in  foundry  practice 
as  remelting  scrap. 

High-grade  manganese  bronze  can  not  be  made  from  the  above 
raw  materials  on  a  small  scale-  and  thus  manufacture  in  crucible 
furnaces  is  excluded.  A  reverberatory  furnace  or  other  equipment 
with  which  a  bath  of  considerable  proportion  may  be  employed  is 
necessary.  McKinney  *  discusses  a  typical  charge,  the  materials 
being  melted  in  the  presence  of  charcoal  with  salt  as  a  flux. 

USES  OF  MANGANESE  BBONZE. 

The  most  important  use  of  manganese  bronze  is  in  propeller  blades. 
A  strong,  tough  alloy  is  necessary  which  will  resist  the  action  of  sea 
water.     The  blades  are  made  thin  to  save  weight. 

-  -  —  -    -  —  -  -         -  —       -    ■    — ■ — . — . — 

aMcKJxiney,  P.  E  «  Manganese  Bronze:  Am.  Inst.  Min.  Eng.  Bull.  146,  Febrnary«  1910,  pp.  421-426. 


CHAPTER  3.— PROBLEMS  INVOLVED  IN  THE  CONCENTRA- 
TION AND  UTILIZATION  OF  DOMESTIC  LOW-GRADE 
MANGANESE  ORE. 


By  Edmund  Newton. 


IHTBODXTCTOBT   STATEMENT. 

In  the  past,  the  steel  industry  of  the  United  States  has  depended 
almost  wholly  on  imports  for  its  supplies  of  manganese.  Many  of 
the  important  domestic  sources  yield  ores  that  in  their  natural  con- 
dition contain  less  manganese  than  the  foreign  ores  the  steel  industry 
has  been  accustomed  to  use.  To  make  these  domestic  ores  available, 
therefore,  they  must  be  concentrated  or  practice  in  the  steel  industry 
must  be  modified. 

Roughly,  25,000  tons  of  high>grade  manganese  ores  is  used  annually 
for  dry  batteries,  for  chemical  purposes,  and  in  other  minor  ways, 
and  approximately  750,000  tons  is  required  for  making  steel. 

By  present  practice  every  ton  of  steel  takes  an  average  of  about  15 
pounds  of  metallic  manganese,  which  generally  is  added  to  the  steel 
in  the  form  of  an  alloy.  The  standard  alloys  are  80  per  cent  ferro- 
manganese  and  20  per  cent  spiegeleisen.  During  the  year  1917, 
286,000  tons  of  ferromanganese  and  193,291  tons  of  spiegeleisen 
were  made  in  this  country,  the  former  largely  from  imported  ores; 
and  45,381  tons  of  ferromanganese  was  imported.  The  metallic 
manganese  represented  by  these  alloys  was  304,000  tons,  being 
roughly  the  product  of  800,000  tons  of  high-grade  ore  and  345,000 
tons  of  low-grade  ore. 

There  is  an  abundance  of  low-grade  ore  in  this  country  suitable  for 
the  manufacture  of  spiegel,  but  higher  grade  ore  is  necessary  to  make 
ferromanganese.  For  this  reason  the  concentration  of  domestic  ore 
presents  a  field  for  constructive  and  practical  research. 

KAHOAHESE   DEPOSITS  IH  THE   XTHITED   STATES. 

Before  the  war  manganese  ore  was  mined  in  relatively  small  quanti- 
ties in  the  Appalachian  region,  which  includes  parts  of  Virginia, 
Tennessee,  and  Georgia,  and  in  Arkansas,  but  in  consequence  of 
higher  ore  prices  because  of  the  rise  of  ocean  freight  rates,  manganese 
mining  has  been  undertaken  in  Montana,  California,  Arizona,  New 
Mexico,  Nevada,  Utah,  and  Minnesota  as  well  as  in  the  Appalachian 

region. 
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Data  now  available  indicate  that  in  this  country  deposits  of  high- 
grade  manganese  ores  are  usually  small,  but  some  deposits  of  ore 
lower  in  manganese  and  higher  in  iron  are  of  considerable  size.  In 
the  aggregate,  the  total  quantitj^  of  manganese-bearing  material  is 
relatively  large,  but  the  difficulty  of  mining  small  deposits  of  the 
better  grades  of  material  and  the  seeming  undesirability  of  low- 
manganese  alloys  in  the  steel  industry,  make  the  outlook  for  large 
production  of  manganese  in  this  country  uncertain. 

As  regards  the  geologic  origin  of  the  majority  of  the  manganese  and 
manganiferous  iron  ores  in  this  country.  Harder^  states  that  they  are 
largely  the  result  of  secondary  concentration.  Most  of  the  ores  of  the 
Eastern  United  States,  Arkansas,  the  Lake  Superior  region,  Leadville 
and  other  silver  districts,  and  of  western  California  are  of  this  type. 
The  rhodonite  and  rhodochrosite  in  the  unoxidized  parts  of  the  sUver 
veins  at  Butte,  however,  are  primary  concentrations  derived  from 
igneous  intrusion.  The  ores  of  northern  Arkansas  are  largely  recon- 
centrations  from  low-grade  secondary  deposits,  derived  by  decom- 
position of  crystalline  rocks,  and  the  California  ores  are  concentra- 
tions within  chert  lenses  of  material  originally  present  in  a  dissem- 
inated fonn. 

Manganese-bearing  materials  of  the  United  States  may  bo  roughly 
classified  as  follows: 

1.  Manganese  ore  proper. 

2.  Manganiferous  iron  ore. 

3.  Miscellaneous  material: 

(a)  Manganiferous  silver  and  lead  ore. 

(J)  Zinc  residuum  from  manganiferous  zinc  ore. 

Manganese  ore,  as  now  defined  by  the  trade,  is  material  that  con- 
tains more  than  35  per  cent  manganese  and  is  suitable  for  the  manu- 
facture of  70  per  cent  ferromanganesc.  Manganiferous  iron  ore 
contains  less  manganese  and  more  iron.  In  general,  the  iron  pre- 
dominates, but  there  is  no  hard  and  fast  line  of  demarcation  between 
manganese  ore  and  manganiferous  iron  ore.  Manganese  and  iron  are 
so  closely  associated  in  nature  that  all  gradations  from  low-manga- 
nese, high-iron  ore,  to  high-manganese,  low-iron  ore  may  be  found  in 
various  deposits  or  in  the  same  deposit. 

Manganiferous  silver  ore  is  similar  to  manganiferous  iron  ore;  it 
carries  enough  silver  to  make  it  valuable  for  that  metal.  Commercial 
considerations  alone  control  the  balance  between  the  mianganese  or 
the  silver  value. 

Zinc  residuum  is  a  by-product  of  the  smelting  of  zinc  ores  from 
Franklin  Furnace,  N.  J.,  which  contain  considerable  manganese. 
After  the  zinc  is  removed  the  remaining  product,  called  residuum, 

a  Ilarder,  £.  C,  Magancse  deposits  o(  the  United  States:  U.  S.  Oeol.  Sarvcy  Doll.  427, 1910^  p. 4. 
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has  nearly  the  same  composition  as  natural  manganiferous  iron  ore, 
and  for  years  it  has  been  smelted   to  spiegeleisen. 

In  general  it  may  be  said  that  the  domestic  manganese  ores  consist 
of  an  aggregate  of  minerals  of  manganese  and  iron  with  various 
impurities,  such  as  silica,  alumina,  lime,  and  magnesia  and  accessory 
constituents,  such  as  phosphorus,  sulphur,  silver,  lead,  and  zinc. 
The  determining  characteristics  of  the  manganese  minerals  and  their 
relation  to  impurities  are  discussed  in  subsequent  pages. 

In  the  steel  industry  manganese  is  chiefly  used  in  the  form  of  al- 
loys. A  less  important  use  is  for  increasing  the  manganese  content 
of  pig  iron  to  give  particular  grades,  as  foundry  irons,  or  to  assist  in 
metallurgical  operations  of  certain  steel-making  processes,  as  in  the 
basic  open-hearth  process.  The  alloys  of  manganese  generally  used 
in  this  country  are  f eixomanganese,  formerly  containing  80  per  cent, 
but  now  70  per  cent,  metallic  manganese,  and  spiegeleisen,  having 
15  to  20  per  cent  metallic  manganese.  The  rest  of  these  alloys  con- 
sists principally  of  iron  with  small  quantities  of  carbon,  silicon,  and 
phosphorus. 

During  the  last  few  years  ferromanganese  has  been  gaining  pop- 
ularity among  steel  manufacturers,  with  spiegeleisen  declining 
proportionately.  Until  recently  approximately  nine-tenths  of  the 
metallic  manganese  used  in  the  steel  industry  was  in  the  form  of  the 
standard  80  per  cent  alloy.  Ferromanganese,  or  '^ferro,'*  as  it  is 
usually  called,  is  easier  to  use  in  steel  making  than  alloys  containing 
smaller  quantities  of  manganese,  as  the  required  quantity  of  that 
metal  is  contained  in  a  smaller  bulk. 

The  difficulty  of  obtaining  ores  suitable  for  the  production  of 
**ferro''  has  led  to  a  consideration  of  the  possibility-  of  using  what 
may  be  called  intermediate  alloys  with  manganese  contents  varying 
between  20  and  80  per  cent.  In  the  electric  furnace  certain  alloys 
can  be  made  with  a  relatively  large  content  of  silicon,  in  addition 
to  the  manganese  and  iron.  The  extent  to  which  such  alloys  may 
satisfactorily  be  used  in  steel  manufacture  is  not  alone  a  technical  or 
economic  problem,  but  is  largely  controlled  by  the  human  element 
and  the  unwillingness  of  steel  masters  to  deviate  from  long-established 
practice. 

Phosphorus  is  undesirable  in  finished  steel.  In  the  manufacture 
of  manganese  alloys  all  the  phosphorus  contained  in  the  ore  will  be 
recoverable  in  the  alloy  and  will  enter  the  steel  when  the  alloy  is 
used.  It  is  permissible,  however,  for  an  alloy  high  in  manganese  to 
contain  more  phosphorus  than  one  low  in  manganese,  for  less  of  the 
former  alloy  is  needed  to  carry  a  given  quantity  of  manganese.  It  is 
interesting  to  note  that  when  17  pounds  of  80  per  cent  ferromanga- 
nese is  added  to  a  ton  of  steel  the  aUoy  may  contain  1.33  per  cent 
phosphorus  and  yet  increase  the  phosphorus  content  of  the  steel  by 
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only  0.01  per  cent.  To  add  the  same  amount  of  manganese  in  the 
form  of  Spiegel,  the  alloy  may  contain  0.33  per  cent  phosphorus  and 
increase  the  phosphorus  content  of  the  steel  0.01  per  cent. 

For  many  years  manganese  alloys  have  been  made  chiefly  in  the 
blast  furnace,  although  recently  certain  plants  have  produced  them 
in  the  electric  furnace.  Blast-furnace  practice  on  manganese  alloys 
is  generally  similar  to  ordinary  pig-iron  practice,  but  there  are  high 
metal  losses,  principally  in  the  slag,  by  volatilization  and  as  flue 
dust.  The  amount  of  manganese  contained  in  a  given  weight  of  slag 
may  be  partly  controlled  by  furnace  manipulation,  but  it  is  evident 
that  the  total  amount  of  manganese  lost  in  this  manner  is  directly 
proportional  to  the  **slag  volume." 

The  results  of  increased  slag  volume  and  greater  loss  of  manganese 
are  cumulative  and  rather  serious.  More  ore  must  be  used  per  ton 
of  alloy  produced.  This  additional  ore  carries  more  slag-forming 
constituents.  More  coke  is  required  to  melt  it,  which  in  turn  tends 
to  produce  more  slag,  and  increased  slag  volume  cuts  down  the  daily 
output  of  alloy  from  the  furnace.  The  greater  loss  of  manganese 
decreases  the  ratio  of  manganese  to  iron  in  the  alloy,  so  that  unless 
proper  allowance  is  made  the  alloy  wiU  be  below  the  standard  grade 
and  therefore  subject  to  a  penalty  by  the  purchaser.  Not  only  will 
the  alloy  sell  for  less  money,  but  the  decreased  daily  output  of  the 
blast  furnace  will  lessen  the  total  profits. 

A  manufacturer  of  manganese  alloys  endeavors  to  protect  himself 
against  these  decreased  profits  and  adjusts  his  schedules  and  pen- 
alties for  ore  purchase  with  that  end  in  view.  Although  he  endeavors 
to  equalize  the  effects  of  poor  ores,  the  alloy  producer  would  prefer 
to  buy  better  ores  at  correspondingly  higher  prices. 

COHCEHTBATIOH    OF    DOMESTIC    LOW-OBADE    KAVOAVESE 

DEES. 

The  comprehensive  term  ** concentration"  as  here  used  is  intended 
to  cover  the  improvement  of  low-grade  ore  by  any  suitable  means 
preliminary  to  smelting.  The  requirements  of  metallurgical  prac- 
tice control  the  classification  of  manganese  ore  as  low  grade  and 
high  grade.  Thus  the  term  low  grade  may  refer  to  a  low  content  of 
manganese  with  respect  to  iron  or  to  large  quantities  of  nonmetallic 
impurities.  The  detrimental  effects  in  metallurgical  practice  and 
the  resulting  penalties  are  the  incentive  for  attempts  to  improve  the 
ore  or  raise  its  grade  before  smelting. 

FACTOBS  OOMTBOLLINO  THE  POSSIBILITIES  OF  OONCEMTBATIOK. 

In  order  to  interpret  properly  the  possibility  of  concentrating  at  a 
rofit  any  type  of  manganese-bearing  material,  many  technical  and 
jonomic  factors  must  be  considered.    For  a  particular  property, 
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district,  or  class  of  material  it  is  necessary  to  obtain  data  on  these 
factors: 

1.  Character  and  size  of  the  deposit, 

2.  Conditions  affecting  mining  and  marketing, 

3.  Character  of  ore  material  as  affecting  the  possible  improvement 
of  grade, 

4.  Metallurgical  value  of  crude  ore  and  possible  concentrate, 

5.  Commercial  considerations. 

SIZE   AND   CHABACTEB  OF  DEPOSIT. 

Obviously  a  large  deposit  of  low-grade  manganese  ore  would  war- 
rant considerable  experimental  work  in  order  to  determine  satisfac- 
tory methods  of  treatment.  Conversely,  if  a  particular  type  of  ore 
occurred  in  only  one  deposit  of  only  a  few  thousand  tons,  the  value 
to  the  industry  of  the  product  from  such  a  deposit  would  be  relatively 
small,  even  if  concentration  were  feasible.  Therefore,  no  imdue  pro- 
portion of  time  should  be  devoted  to  a  concentrating  problem  that 
although  of  considerable  technical  and  individual  interest,  gives 
little  promise  of  furnishing  any  considerable  part  of  the  industry's 
needs. 

The  mineralized  mass  must  be  of  such  size  and  character  as  to 
justify  the  expenditure  of  money  in  its  development  and  beneficiation 
and  to  promise  return  interest  on  the  investment  proportional  to  the 
risk  taken.  This  factor  of  cost  is  of  vital  importance,  and  it  is  feared 
that  imder  the  stimulus  of  production  incident  to  national  needs 
during  the  war  sound  business  principles  have  at  times  been  tempo- 
rarUy  forgotten. 

CONDITIONS   AFFECTING   MINING   AND   MARKETING. 

Not  only  must  the  quantity  and  character  of  material  available 
be  considered,  but  the  natural  factors  controlling  the  mining  meth- 
ods, the  transportation  facilities,  and  the  marketing  of  products 
must  be  carefully  studied. 

The  manganese  deposits  of  the  United  States,  although  widely 
scattered  and  comparatively  small,  may  nevertheless  be  mined  by 
relatively  simple  and  therefore  cheap  mining  methods.  The  mines 
are  for  the  most  part  shallow,  and  extensive  development  and  elab- 
orate equipment  are  not  necessary.  Intricate  problems  of  ventUa- 
tion  and  drainage  do  not  have  to  be  solved,  and  if  all  operations  are 
competently  directed  common  mine  labor  will  generally  suffice. 
Small  deposits  mean  short  life,  the  ore  is  mined  out  rapidly  and  more 
or  less  crude  mining  practice  prevails.  The  cost  of  mining  will, 
however,  be  more  or  less  governed  by  the  necessity  of  selective 
mining,  which  in  turn  is  determined  by  the  variability  of  the  ore, 
the  feasibility  of  economic  concentration,  transportation  facilities, 
and  distance  from  a  consuming  center. 
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All  these  factors  must  be  coordinated  and  their  combmed  influence 
carefully  studied  before  intensive  production  from  individual  prop- 
erties begins.  Concentration  by  eliminating  waste  may  yield  a 
product  desired  by  the  steel  industry,  but  its  cost  may  be  prohibitive. 
Discarding  waste  may  enable  the  producer  to  offset  excessive  freight 
rates,  but  geographic  isolation  will  invariably  handicap  an  enter- 
prise. 

Foreign  ores  will  always  find  a  market  in  the  United  States  because 
they  come  from  larger  and  more  uniform  deposits,  are  mined  with 
cheaper  labor,  and  the  ocean  freights  are  lower  than  rail. 

CHARACTERISTICS   OF   ORE   AFFECTING  BENEFICIATION. 
CHARACTER  OF  KAVGAlfESE  MZHERALS. 

Although  many  minerals  contain  manganese,  only  a  few  are  com- 
mercially important.  Usually  it  is  rather  diflicult  accurately  to 
identify  the  manganese  minerals  in  domestic  oxidized  ore.  Several 
minerals  may  be  intimately  associated,  and  one  may  have  been 
formed  by  alteration  of  another.  The  hardness  of  the  individual 
minerals  varies  widely.  Pyrolusite  is  soft  and  »may  be  readily  pul- 
verized between  the  fingers.  Hence  difficulty  might  be  expected  in 
attempts  to  recover  this  mineral  by  the  common  processes  of  wet 
concentration.  The  other  minerals  are  harder,  but  usually  brittle. 
Although  the  character  of  the  individual  minerals  is  important,  the 
association  of  the  several  manganese  minerals  with  various  gangue 
mo^terials  often  has  a  more  important  bearing  on  methods  of  con- 
centration. 

IHPXTRITIES  ASSOCIATED  WITH  MANGANESE  MUTERALS. 

Wherever  manganese  ore  is  mined  on  a  commercial  scale,  the 
product  of  the  mine  always  contains  impurities.  Some  of  these  are 
obvious  on  inspection;  others  may  require  chemical  analysis  for  their 
determination.  The  impurities  associated  with  manganese  minerals 
may  be  classified  as  (1)  those  derived  from  associated  rocks,  or  rocks 
partly  replaced  by  manganese-bearing  solutions,  (2)  those  associated 
with  the  manganese  in  solution,  and  deposited  simultaneously,  and 
(3)  those  chemically  combined  with  manganese  in  the  mineral. 

From  the  viewpoint  of  the  metallurgist,  all  are  impurities,  and 
must  be  removed  either  before  or  by  metallui^ical  treatment. 

For  convenience,  the  common  impurities  in  manganese  ores  may 
be  classified  according  to  certain  general  physical  and  chemical 
principles,  as  follows: 

1.  Metallic.  Iron,  lead,  zinc,  silver,  and  in  some  ores,  nickel,  cop- 
per, and  tungsten. 

2.  Gangue.  "Basic'*  lime,  magnesia,  baryta,  "acid'*  silica,  and 
alumina. 
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3.  Volatile.  Water  (atmospheric  moisture  and  molecular  water) , 
carbon  dioxide,  and  organic  matter. 

4.  Miscellaneous.    Phosphorus  and  sulphur. 

The  chemical  behavior  of  these  impurities  affects  metallurgical 
operations,  and  the  physical  form  in  which  they  occur  controls  the 
possibility  of  removal  previous  to  smelting,  and  the  choice  of  methods 
for  accomplishing  such  removal. 

The  proportion  of  manganese  to  the  useless  or  harmfid  constitu- 
ents of  an  ore  determines  the  value  and  desirability  of  the  ore. 

The  presence  of  appreciable  quantities  of  any  impurity  means  that 
more  ore  must  be  mined  and  smelted  in  order  to  produce  a  given 
weight  of  manganese  alloy.  Some  impurities  are  more  detrimental 
to  alloy  manufacture  than  others. 

Metallic  impurities,  of  which  iron  is  the  most  common,  are  usiutlly 
reduced  in  smelting  and  are  retained  by  the  alloy.  The  quantity 
present  naturally  affects  the  character  of  the  alloy  produced,  which 
in  turn  controls  its  desirability  for  use  in  steel  manufacture.  Other 
metallic  impiu-ities  occur  usiueJIj  in  such  small  amounts  that  they 
are  not  detrimental  to  the  resulting  alloy.  Zinc  is  an  exception. 
This  metal  is  laigely  volatilized  in  smelting,  and  if  it  is  present  in 
appreciable  quantities  its  fume  condenses  as  oxide  in  the  hot-blast 
stoves  and  may  hinder  furnace  operation.  Unless  the  furnace-top 
gases  are  washed,  the  stoves  must  frequently  be  cleaned,  with  con- 
sequent loss  of  time.  When  the  price  of  zinc  is  high,  the  zinc  oxide 
recovered  from  the  stoves  yields  a  substantial  sum. 

Silver,  from  the  standpoint  of  the  steel  manufacturer,  is  neither 
detrimental  nor  advantageous  to  manganese  alloys.  The  silver  con- 
tent of  a  manganese  alloy  has  no  value;  consequently  no  credit  is 
allowed  the  miner  for  silver  contained  in  an  ore  to  be  used  for  man- 
ganese-alloy manufacture.  In  some  ores  the  silver  content  is  such 
that  the  ore  has  greater  value  for  the  lead  smelter.  The  manganese 
then  acts  as  a  flux  and  the  silver  may  be  recovered  by  purification 
pf  the  lead. 

The  gangue  impurities  classed  as  basic  and  acid  may  also  be 
called  ''slag-forming  impurities.''  In  smelting,  these  impurities 
must  be  fluxed  to  form  slag.  Slag  is  usually  considered  a  waste 
product,  but  it  has  important  metallurgical  fimctions,  and  just 
enough  slag  must  be  present  for  performing  these  fimctions  properly 
and  economically.  An  excess  of  slag  must  be  avoided.  In  man- 
ganese-alloy manufacture  the  slag  contains  more  or  less  manganese, 
the  quantity  of  manganese  thereby  lost  being  dependent  on  the 
basicity  of  the  slag,  the  temperature,  and  the  slag  volume.  The 
first  two  factors  control  the  quantity  of  manganese  in  a  given  weight 
of  slag,  and  it  is  obvious  that  the  greater  quantity  of  slag  will  result 
in  a  greater  loss  of  manganese.    A  large  slag  volume  will  rapidly 
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decrease  the  daily  alloy  output  of  a  blast  furnace.  The  overhead 
charges  must  be  distributed  over  a  smaller  daily. tomiage  of  alloy 
and  the  profit  from  the  sales  for  a  given  tmit  of  time  will  decrease. 
It  follows  that  more  than  the  quantity  of  slag  required  to  provide 
for  the  metallurgical  functions  is  highly  undesirable. 

Silica  is  usually  the  predominant  slag-forming  constituent  in 
domestic  manganese  ore.  Some  silica  is  reduced  to  the  metallic  state 
in  smelting  and  is  recovered  in  the  alloy  as  silicon,  but  the  larger 
part  must  be  fluxed  with  lime,  magnesia,  or  other  bases  to  form  slag. 
Manganese-alloy  slags  should  be  basic;  hence  a  larger  quantity  of 
slag  will  be  produced  from  an  ore  with  acid  gangue  than  in  normal 
iron  blast-furnace  practice.  Alumina  is  a  slag-forming  constituent 
and  although  usually  classed  with  silica,  it  acts  somewhat  differently 
in  the  blast  furnace.  Brazilian  ores  are  notably  high  in  alumina,  but 
most  domestic  ores  contain  relatively  small  quantities. 

Lime,  magnesia,  and  baryta  in  an  ore  are  also  slag-forming  con- 
stituents,  but  they  combine  with  the  silica  and  alumina  present  and 
thereby  reduce  the  quantities  of  those  bases  necessary  in  the  form 
of  limestone  or  dolomite  for  the  furnace  charge.  Baryta  is  not  com- 
mon as  a  gangue  mineral.  It  is  not  as  strong  a  base  as  either  lime 
or  magnesia.  While  these  constituents  offset  the  metallurgical 
effects  of  silica  or  alumina,  as  regards  evaluating  an  ore,  they  repre- 
sent weight,  and  if  the  ore  must  be  transported  a  considerable  dis- 
tance to  the  point  where  it  is  smelted,  it  is  doubtful  whether  their 
value  as  bases  would  equal  the  additional  freight  charge.  limestone 
can  generally  be  obtained  at  low  cost  close  to  the  smelter. 

Volatile  impurities  are  removed  from  the  top  of  a  blast  furnace 
largely  by  the  surplus  heat.  It  is  desirable,  however,  in  order  to 
reduce  the  loss  of  manganese  to  keep  the  top  of  a  manganese-alloy 
blast  furnace  cool.  Volatile  compounds  are  not  particularly  detri- 
mental to  smelting.  When  carbonate  ores  are  being  treated  the 
case  is  somewhat  different.  Some  metallurgists  claim  that  in  treat- 
ing rhodochrosite  ores  the  ratio  of  carbon  monoxide  to  dioxide  in  the 
furnace  gases  is  disturbed,  which  has  a  detrimental  effect  on  the 
reduction  of  the  oxides  in  the  upper  part  of  the  fumaoe.  It  has 
also  been  suggested  that  the  carbon  dioxide  driven  off  combines  with 
carbon  of  the  coke,  forming  carbon  monoxide  in  the  upper  part  of 
the  furnace,  and  thus  increases  the  coke  consumption.  Definite 
data  are  not  available  on  these  points. 

In  practice,  all  the  phosphorus  in  the  ore  mixture  and  that  con- 
tained in  the  coke  and  limestone  is  recovered  in  the  resulting  alloy. 
The  permissible  quantity  of  phosphorus  in  an  alloy  (the  proportion 
that  does  not  produce  detrimental  effects  when  the  alloy  is  added 
to  steel)  has  not  been  definitely  determined.  The  higher  the  man- 
ganese content  of  an  alloy,  the  larger  the  proportion  of  phosphorus 
that  may  safely  be  contained.    Ordinarily  steel  makers  desire  as 
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large  a  margin  of  safety  as  possible,  and  therefore  have  specified  that 
the  phosphorus  in  an  ore  shall  not  exceed  a  certain  percentage. 

Sulphur  is  usually  present  in  small  quantities  in  oxidized  manga- 
nese ores,  but  in  the  primary  rhodochrosite  ores  of  Butte  and  other 
parts  of  the  West  there  may  be  considerable  quantities  of  sulphides 
of  iron  and  zinc.  Sulphur  is  not  a  serious  factor,  as  the  conditions 
of  blast-fumace  operation  when  making  manganese  alloys  are  such 
that  sulphur  combines  with  manganese  or  lime  and  is  readily  retained 
by  the  slag,  only  traces  entering  the  alloy. 

Knowing  the  effect  of  impurities  in  manganese  ores  on  blast-fumace 
practice,  the  methods  of  eliminating  them  may  now  be  considered. 
Ore  dressing  deals  with  the  problems  of  separating  deleterious  or 
useless  materials  from  the  more  valuable  minerals,  thereby  raising 
the  grade  and  reducing  the  quantity  of  the  concentrated  product. 
To  accomplish  this,  it  is  essential  that  the  physical  and  chemical 
characteristics  of  the  ore  be  determined.  These  factors  are  con- 
ditioned largely  by  the  type  of  deposit  from  which  the  ore  is  mined. 
As  types  of  ore,  entirely  disregarding  genesis,  we  recognize: 

1.  Rhodochrosite  and  rhodonite;  carbonate  and  silicate  ores, 
deposited  in  fissure  veins  or  replacing  original  rocks. 

2.  Nodular  ores,  accretions  of  manganese  oxide  in  soft  plastic  clays. 

3.  Manganese  oxides  deposited  in  small  fissures  or  fracture  planes, 
as  braccia  fillings,  or  as  more  or  less  impure  beds. 

4.  Manganese  oxides  occurring  as  infiltrations,  deposited  in  minute 
pore  spaces,  as  partial  replacements,  or  otherwise  intimately  mixed 
with  the  rock  or  gangue. 

In  the  first  class  of  deposits,  the  principal  gangue  impurity  is  silica, 
although  sulphides  of  silver,  lead,  zinC;  and  iron  are  often  found  in 
appreciable  quantities.  The  silica  occurs  both  as  quartz  and  chem- 
ically combined  in  rhodonite  ores.  In  the  carbonate  ore,  the  carbon 
dioxide  may  be  removed  by  calcination,  thus  effecting  a  concentration 
of  manganese,  reducing  the  bulk,  and  lowering  the  freight  rate  per  unit 
of  manganese  contained  in  the  original  ore,  but  rhodochrosite  de- 
crepitates strongly  when  heated  to  a  temperature  where  the  oxide  is 
formed,  tending  to  produce  an  excessive  amoimt  of  fines  which  is 
undesirable  in  practice.  The  breaking  up  of  the  particles  by  calcina- 
tion will  isolate  some  of  the  free  silica  which  on  accotmt  of  the  larger 
sized  particles  might  be  screened  out.  The  sulphide  minerals  may 
occur  in  such  quantity  that  it  is  desirable  to  remove  them  by  gravity 
methods  of  separation. 

In  the  second  class  of  deposits,  the  nodules  are  of  variable  size  and 
usually  high  in  manganese.  They  do  not  appear  to  be  contaminated 
internally  with  the  inclosing  material.  The  clays  are  soft,  whereas 
the  nodules  are  generally  hard.  This  type  is  common  in  the  Appa- 
lachian region  of  the  United  States.  The  clay  may  be  separated 
from  the  manganese  nodules  by  log  washers,  followed  where  necee- 
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aary,  and  where  the  size  of  the  deposits  warrants  the  installation,  by 
picking  belts,  crushers,  screens,  and  jigs. 

In  deposits  of  the  third  class,  the  manganese  minerals,  although 
closely  associated  with  the  inclosing  rock,  are  generally  not  con- 
taminated by  it  and  may  be  relatively  pure.  The  method  of  treat- 
ment varies  with  the  size  of  the  manganese  particles  and  the  hardness 
of  the  rock,  but  does  not  differ  essentially  from  the  treatment  of  the 
second  class.  If  there  is  little  or  no  clay,  the  log  w^asher  will  be 
omitted,  and  crushing,  screening,  jibing,  and  possibly  tabling  will 
make  up  the  concentrating  process. 

If  the  manganese  mineral  is  largely  pyrolusite,  and  therefore  friable 
and  soft,  crushing  may  produce  an  excessive  proportion  of  fines  diffi- 
cult to  recover  by  gravity  or  water  methods  of  separation.  If,  how- 
ever, the  manganese  mineral  is  hard,  dense,  and  massive,  and  the  in- 
closing rock  is  more  friable,  the  problem  is  simpler.  When  the  specific 
gravity  of  the  minerals  and  the  gangue  approximate  each  other,  wet 
concentration  is  difficult  unless  the  particles  differ  decidedly  in  size. 

Obviously  the  association  of  gangue  materials  with  the  desired 
mineral  in  ores  of  the  fourth  class  is  so  intimate  that  the  finest  crush- 
ing imaginable  will  not  permit  separation  by  mechanical  means.  To 
this  type  the  siliceous  manganese  ores  of  the  Western  States  may  be 
assigned.  Ore-dressing  tests  have  conclusively  shown  that  where  the 
silica  is  chemically  combined  with  the  manganese  or  where  colloidal 
silica  envelops  the  manganiferous  particles,  any  wet  process  or  gravity 
concentration  will  not  give  the  desired  results. 

CONCENTRATION  PROCESSES. 

This  paper  docs  not  describe  in  any  detail  actual  ore-dressing  or 
concentration  practice.  It  is  axiomatic  that  small  deposits  or  mines 
of  questionable  life,  as  determined  by  tonnage  and  markets,  do  not 
warrant  elaborate  plants  or  the  adoption  of  intricate  beneficiation 
processes.  A  general  classification  of  methods  applicable  to  the 
manganese  industry  is  given  below.  The  processes  mentioned  are 
all  preliminary  to  the  greater  and  final  concentration  of  the  desirable 
elements  in  the  blast  furnace. 

I.  Simple  methods  of  concentration. 
(a)  Selective  mining. 
(6)  Hand  picking. 

(c)  Jigging. 

(d)  Screening. 
ie)   Log  washing. 

(f)  Water  classification. 

(g)  Koughing-table  treatment. 

(h)  Slime-table  or  vanner  treatment. 

(i)    Pneumatic  separation. 

(j)   Combination  of  two  or  more  of  the  above  methods. 
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II.  Complex  methods. 

(a)  Magnetic  separation. 

(1)  Without  preliminary  thermal  treatment. 

(2)  With  preliminary  thermal  treatment 

(b)  Electrostatic  separation. 

(c)  Hydrometallnrgical  processes. 

(1)  Leaching  with  various  acids.  Precipitation  by  chemical 
substances. 

(2)  Leaching  with  various  acids.  Precipitation  by  elec- 
trolysis. 

(3)  Leaching  with  various  acids.  Evaporation  of  solution 
and  heat  treatment  in  rotarv  kiln. 

id)  Preliminary  thermal  processes. 

(1)  Drying,  to  remove  hygroscopic  moisture. 

(2)  Calcining,  to  remove  carbon  dioxide  or  combined  water. 

(3)  Agglomerating  fine  concentrates,  to  make  them  desirable 
for  blast-furnace  use. 

(4)  Volatilizing  manganese  at  high  temperatures  in  the 
presence  of  constituents  that  form  readily  volatile  com- 
pounds. 

(5)  Direct  reduction  of  oxides  by  carbon,  xmder  temperature 
control. 

ie)  Miscellaneous  processes. 

(1)  Flotation. 

(2)  Use  of  heavy  solutions. 

There  are  many  standard  machines  for  the  concentration  of  ores,  but 
it  is  unwise  to  think  that  a  certain  machine  will  accomplish  the  neces- 
sary result  on  manganese-bearing  materials.  As  the  character  of 
the  manganese  materials  varies  greatly  in  different  districts,  it  is 
more  logical  to  determine  in  detail  physical,  as  well  as  the  chemical, 
characteristics  of  the  material.  When  such  preliminary  study  has 
riiown  the  nature  of  the  impurity,  and  its  relation  to  the  manganese 
mineral,  it  is  easier  to  outline  a  suitable  method  of  treatment.  The 
flow  sheet,  however,  must  bo  determined  by  experiment. 

C0M10BB.CIAL  CONSIDERATIONS  BEOAKDING  BENEFICIATION. 

If  the  technical  possibilities  of  beneficiating  any  particular  ore  are 
favorable,  it  is  then  necessary  to  ascertain  whether  such  an  operation 
on  a  commercial  scale  would  yield  a  reasonable  profit.  The  cost  of 
the  plant  and  its  installation  must  be  justifled  either  by  the  available 
ore  in  the  deposit,  or  by  the  length  of  time  during  which  the  profit 
could  be  made.  The  amortization  of  capital  and  the  interest  on  the 
investment  must  be  included  in  the  estimation  of  cost. 

The  effect  of  concentrating  an  ore  is  not  always  clearly  appreciated. 
Concentration  implies  that  an  improvement  of  metallic  content  is 


38  PBOBLEMS  OF  DOMESTIC  LOW-GRADE  MANGANESE  OBE. 

made  by  the  intentional  elimination  of  impurities,  but  there  is 
always  a  loss  of  the  valuable  mineral  itself.  When  the  grade  of  the 
product  is  increased,  its  weight  is  decreased.  In  other  words,  2  to 
25  tons  of  crude  manganese-bearing  material  may  be  required  to  pro- 
duce 1  ton  of  high-grade  concentrate.  The  income  results  from  the 
sale  of  the  smaller  quantity  of  concentrate,  but  chargeable  against 
this  will  be  the  cost  of  mining  some  tons  of  crude  ore,  the  cost  of  treat- 
ing the  ore,  the  freight  to  market,  and  the  special  overhead  charges. 
Concentration,  however,  may  be  necessary  to  make  the  material 
marketable  at  all. 

ESTIMATED   COST  DATA. 

In  order  to  illustrate  the  above  points  a  little  more  clearly,  the 
essential  economic  factors  have  been  applied  to  three  ores  from 
California. 

It  is  estimated  that  the  three  ores  were  obtained  from  desposits 
of  such  size  that  it  would  be  possible  to  mine  75  tons  of  crude  ore  a 
day.  In  the  table  below  the  figures  from  actual  concentrating  tests 
have  been  combined  with  estimates  of  the  cost  of  mining  and  treat- 
ment. The  mining-cost  figures  are  those  reported  by  one  of  the 
three  mines  for  the  season  of  1917. 

A  rough  estimate  of  the  cost  of  a  small  concentrating  plant  capable 
of  treating  75  tons  of  crude  ore  a  day  is  $20,000.  It  is  assumed 
that  this  amount  must  be  charged  off  in  a  year  of  300  operating 
days.  Instead  of  the  amortization  rate  per  ton  being  actually 
computed,  the  $20,000  and  the  interest  charge  of  7  per  cent  are 
distributed  over  the  annual  production  of  concentrates.  The 
interest  charge  at  7  per  cent  is  also  distributed  over  the  total  tonnage 
of  concentrates.  f 

Royalty  is  considered  to  remain  at  $1.50  a  ton  of  crude  ore,  even 
if  the  material  is  concentrated.  Based  on  concentrates,  it  therefore 
increases  proportionally  to  the  ratio  of  concentration. 

The  value  of  crude  ore  and  concentrates  has  been  computed  on 
the  basis  of  the  schedule  approved  by  the  War  Industries  Board 
in  May,  1919.  These  prices  no  longer  hold,  and  new  computations 
should  be  made  on  the  basis  of  existing  prices.  The  methods  to 
be  followed  are,  however,  indicated  by  the  examples  given.  A 
freight  rate  of  $11.20  per  ton  has  been  used  from  California  points 
to  Chicago  on  a  long  ton  of  2,240  pounds. 

All  figures  in  these  estimates  are  based  on  dry  analyses  and  on  a 
long  ton  of  2,240  pounds.  Because  of  the  length  of  haul,  it  is  assimied 
that  moisture  would  be  negligible  in  both  crude  ores  and  concentrates. 
The  figures  follow  in  table  9. 
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Table  9. — Estimated  cost  data  applied  to  three  California  ores, 

MANGANESE  ORE  1000. 

Fe  Mn  SiOt  P 

Analysie  of  crude  ore,  per  cent 2.55        40.01        28.91        0.047 

Concentration  results:                                                                   Crude  ore.  ^J^"  Tailings. 

Per  cent  by  weight 100.00  50.55  49.45 

Per  cent  manganese 38.59  51.10  25.81 

Per  cent  manganese  by  weight 100.00  66.93  33.07 

Ratio  of  concentration 1. 987  1. 00 

Fe  Mn  SiOi  P 

Analysis  of  concentrate,  per  cent 1. 48  51.  55  13. 14  0. 053 

Daily  crude  ore  capacity,  tons 75 

Daily  concentrate  production,  tons 38 

Estimated  cost  of  mining  crude  ore,  per  ton: 

Mining $3.00 

Tramming  and  loading 1. 25 

Royalty 1.50 

Unloading 25 

Trucking 2.50 

Overhead 1. 75 


Total 10. 25 

Value  of  crude  ore,  per  ton: 

Manganese  value,  @  |1.02 40.  OlXfl.  02=$40. 81 

Silica  penalty 7X  0.50=    3.50 

5X  0.75=    3.75 
8.91X  1.00=    8.91 


Total 16.16 

Net f.  0.  b.  Chicago $40.81-  16.16=24.65 

Net  value,  railroad  shipping  point,  $11.20  freight 24. 65-  11. 20=13. 45 

Net  profit  on  sale  of  crude  ore 13.45—  10.25=  3.20 

Estimated  cost  of  concentrating  plant $20,000 

Estimated  amortization  period 1  year — 300  days 

Chaigeper  ton  concentrate $20, 000-*-(300X38)=$l.  75 

Interest  on  investment  at  7  per  cent  per  ton  of  con- 
centrate   (0.07X$20,000)-*-ll,  400=0. 12 

Estimated  cost  of  concentration  per  ton $0.  75  per  ton  of  concentrates 

Total  estimated  cost  of  concentrate  on  cars: 

Mining ®  $3.00  per  ton  of  crude  1.987X$3.00=$5.96 

Tramming ®     .60  per  ton  of  crude  1.987X     .60=  1.19 

Concentrating @    .75  per  ton  of  con- 
centrates   l.OOOX     .75=    .75 

Amortization 1. 75 

Interest .12 

Royaltyat  $1.50  per  ton  of  crude 1.987=  1.50X  2.98 

Unloading  at  .25  per  ton  of  concentrate 1.  000=    .  25X    .  25 

Trucking  at  2.50  per  ton  of  concentrate 1.  OOOX  2.  50=  2. 50 

Overhead  at  1.75  per  ton  crude 1. 987X  1.  75=  3. 48 

Totaa ia98 

137338^—20 4 
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Table  9. — Estimated  cost  data  applied  to  three  California  ores — Continued. 

MANGANESE  ORE  100&>-€k>ntlnued. 

Value  of  concentrate  per  ton: 

Manganese  value,  atfl.21 5L66X  11.24=163.92 

Silica  penalty 5. 14X      .  50=     2. 57 

Net  value,  f .  o.  b.  Chicago $63. 92—  $2. 57=  61.  36 

Net  value,  railroad  shipping  point,  $11.20  freight 61. 35-  11. 20=  50. 15 

Net  profit  on  concentrate  per  ton 50. 15—  18. 98=  31. 17 

Daily  profit  on  crude  ore 75X$3. 20=  $240. 00 

Daily  profit  on  concentrate 38X31. 17=1, 184.  40 

Balance  in  favor  of  concentrating =    944.  46 

Annual  profit  on  crude  ore,  300  days 300X$240. 00=$72, 000 

Annual  profit  on  concentrate,  300  days 300X  944. 46X283, 338 

Balance  in  favor  of  concentration =211, 338 

Annual  production  of  crude  ore,  tons 22, 500 

Annual  production  of  concentrate,  tons 11, 400 

MANGANESE  ORE  1011. 

Fe  Mn  BiOt  P 

Analysis  of  crude  ore,  per  cent 1.  27        32.  01        39. 55        0.  029 

Concentration  results:  Crude  ore.  Concentrate.  Tailings. 

Per  cent  by  weight. . . : 100. 00        46. 47        53.  53 

Per  cent  of  manganese 32. 19        45. 05        21. 02 

Per  cent  of  manganese  by  weight 100. 00        65. 05        34.  95 

Ratio  of  concentration 2. 152        1. 000 

Fe             Mn             SiO.              P 
Analysis  of  concentrate,  per  cent 1. 50        45. 05        18. 64         

Daily  crude  ore  capacity,  tons 75 

Daily  concentrate  production,  tons 35 

Estimated  cost  of  mining  crude  ore,  per  ton: 

Mining $3. 00 

Tramming  and  loading 1 .  25 

Royalty 1.  50 

Unloading 25 

Trucking 2.50 

Overhead 1.  75 

Total 1 0.  25 

Value  of  crude  ore — ^Too  siliceous. 

Estimated  cost  of  concentrating  plant $20, 000 

Estimated  amortization  period 1  year— 300  days 

Charge  per  ton  of  concentrate $20, 000-*-(300X35)=$l.  90 

Interest  on  investment  at  7  per  cent  per  ton  concen- 
trate    (0.  07  X$20, 000)-j-10, 600=.  12 

Estimated  cost  of  concentration  per  ton $0.  75  por  ton  of  concentrate. 
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Tablb  9. — Estimated  cost  data  applied  to  three  California  ores — Continued. 

MANGANESE  ORE  1011— Continued. 

Total  estimated  cost  of  concentrate  on  care: 

Mining,  at  $3  per  ton  of  crude 2. 152X$3. 00=$6. 46 

Tramming,  at  $0.60  per  ton  of  crude 2. 152X  .  60=  1.  29 

Concentrating,  at  $0.75  per  ton  of  concentrate 1. 000 X  .  75=    .  75 

Amortization 1. 90 

Interest .13 

Royalty,  at  $1. 50  per  ton  of  crude 2. 152X  1.  50=  3. 23 

Unloading,  at  $0.25  per  ton  of  concentrate 1.  OOOX  .  25=    .  25 

Trucking,  at  $2.50  per  ton  of  concentrate 1.  OOOX  2.  50=  2.  50 

Overhead,  at  $1.90  per  ton  of  crude 2. 152X  1.  90=  4. 09 


Total 20.  60 

Value  of  concentrate  per  ton: 

Manganese  value,  at  $1.12 45. 05X$1. 12=$50. 46 

Silica  penalty 7. 0  X  0. 50=    3.  50 

Net  value 3. 64X  0.  75=     2. 73 


Total 6.23 

Net  value,  f.  o.  b.  Chicago $50. 46- $6.  23=  44.23 

Net  value,  railroad  shipping  point,  $11.20  freight 44.  23-11. 20=  33. 03 

Net  profit  on  concentrate  per  ton 33.  03—20.  60=  12. 43 

Daily  profit  on  crude  ore 

Daily  profit  on  concentrate 35X$12.  43=$435. 05 

Balance  in  favor 


Annual  profit  on  crude  ore,  300  days 

Annual  profit  on  concentrate— 300  days 300X$4. 35. 05=$130, 515 

Balance  in  favor 


Annual  production  of  crude  ore,  tons 22, 500 

Annual  production  of  concentrate,  tons 10, 500 


MANGANESE  ORE  1020. 

Fe                Mn  SiOi  V 

Analysis  of  crude  ore,  per  cent 1.50         39.95  25.10  0.075 

Concentration  results:                                                           Crude  ore  concentrates.  Tailings. 

Per  cent  by  weight 100.00  33.14  66.86 

Per  cent  of  manganese 38. 77  51. 21  32.  60 

Per  cent  of  manganese  by  weight 100. 00  43. 78  56. 22 

Batio  of  concentration! 3. 018  1. 00 

Fe              Mn              SiOt  P 

Analysis  of  concentrate,  per  cent 1. 23        51. 55  11. 65  0. 074 

Daily  crude  ore  capacity,  tons 75 

Daily  concentrate  production,  tons 25 
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Table  9. — Estimated  cost  data  applied  to  three  California  ores — Continued. 

MANGANESE  ORE  lQ2a-Contiiined. 

Estimated  cost  of  mining  crude  ore,  per  ton: 

Mining $3. 00 

Tramming  and  loading 1. 25 

Royalty 1.50 

Unloading 25 

Trucking... 2.50 

Overhead L  75 

Total 10.25 

Value  of  crude  ore,  per  ton: 

Manganese  value,  at  $1.00 $39. 95X$1. 00=»$39. 95 

Silica  penalty 7X    .50=    3. 50 

5X     .75=    3.75 
5.1  X  1.00=    5.10 

Total 12.35 

Net  f.  o.  b.  Chicago $39. 95 -$12. 35=  27.60 

Net  value,  railroad  shipping  point,  $11.20  freight 27. 60-  11. 20=  16. 40 

Net  profit  on  sale  of  crude  ore 16.40—  10.25=    6.15 

Estimated  cost  of  concentrating  plant $20, 000 

Estimated  amortization  period 1  year— 300  days 

Charge  per  ton  concentrate $20, 000-i-(300X25)=$2. 67 

Interest  on  investment  at  7  per  cent  per  ton  of  concen- 
trate   (0. 07X20, 000)-i-7, 500=  0.19 

Estimated  cost  of  concentration  per  ton $0. 75  per  ton  concentrates 

Total  estimated  cost  of  concentrate  on  cars: 

Mining,  at  $3  per  ton  of  crude 3. 018X$3. 00=$9. 05 

Tramming,  at  60  cents  per  ton  of  crude 3. 018X    .  60=  1. 82 

Concentrating,  at  75  cents  per  ton  of  concentrates 1. 000  X    .  75=    .  75 

Amortization 2. 67 

Interest 19 

Royalty,  at  $1.50  per  ton  of  crude '. 3. 018X$1. 50=$4. 53 

Unloading,  at  25  cents  per  ton  of  concentrate 1.  OOOX    .  25=    .  25 

Trucking,  at  $2.50  per  ton  of  concentrate 1.000X  2.50=2.50 

Overhead,  at  $1.75  per  ton  of  crude 3.018X  2.67=  8.06 

Total 29.82 

Value  of  concentrate  per  ton: 

Manganese  value,  $1.24 51.55X  $1.24=$63.92 

Silica  penalty 3.65X      .50=    L83 

Net  value,  f.  o.  b.  Chicago $63.92-     1.83=  62.09 

Net  value,  railroad  shipping  point,  $11.20  freight 62. 09  -  11. 20=  50. 80 

Net  profit  on  concentrate  per  ton 50.89—  29.82=  21.07 

Daily  profit  on  crude  ore 75  X  $6. 15=$461. 25 

Daily  profit  on  concentrate 25X  21. 07=  526. 75 

Balance  in  favor i Concentrating=    65. 60 
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Tablb  9. — Estimated  coat  data  applied  to  three  California  ores — Continued. 

MANGANESE  ORE  102(V-Contiiiued. 

Annual  profit  on  crude  ore,  300  days 300X$461.  25=|138, 375 

Annual  profit  on  concentrate,  300  days 300X  526.  75=  158, 025 

Balance  in  favor Concentrating  =     19, 750 

Annual  production  of  crude  ore,  tons 22, 500 

Annual  production  of  concentrate,  tons 7, 500 


DISCUSSION   OF   ESTIMATED   COST  DATA. 

ORE  1009. 

The  manganese  content  of  this  crude  ore  is  within  the  range  of 
the  schedule.  The  silica  content  is  a  few  points  above,  but  it  has 
been  assumed  that  a  small  tonnage  of  such  ore  might  be  accepted. 
The  value  of  the  crude  ore  has,  therefore,  been  computed. 

By  a  concentration  of  approximately  2  to  1  a  high-grade  product 
can  be  obtained.  Shipment  of  the  crude  ore  shows  a  small  profit 
per  ton.  On  concentrate  the  profit  per  ton  is  comparatively  lai^e, 
and,  although  it  weighs  much  less,  the  daily  profit  is  shown  to  be 
much  larger. 

OBE  1011. 

The  manganese  content  of  ore  1011  is  below  the  range  of  the 
present  schedule  and  the  silica  content  is  very  high.  It  is,  there- 
fore, considered  that  this  ore  could  not  be  sold  as  mined,  but  would 
require  concentration.  The  concentrate  is  not  very  high  in  manga- 
nese, being  5.50  per  cent  lower  than  that  obtained  from  ore  1009, 
although  the  ratio  of  concentration  is  nearly  the  same.  The  com- 
putation shows  a  daily  profit  by  concentrating  considerably  less 

than  for  ore  1009. 

ORE  loeo. 

The  manganese  content  of  ore  1020  is  within  the  range  of  the 
present  schedule  and  the  silica  content  is  only  0.1  per  cent  higher 
than  the  rejection  limit.  Therefore,  the  value  of  the  crude  ore  has 
been  computed.  The  manganese  content  of  the  concentrate  produced 
is  almost  the  same  as  for  ore  1009,  but  the  ratio  of  concentration  is 
much  lai^er.  Hence,  the  profit  per  ton  is  less  than  for  ore  1009, 
although  more  than  for  ore  1011.  The  daily  profit  is  considerably 
decreased  by  the  smaller  output.  Consequently,  while  there  is  a 
decided  balance  in  favor  of  concentrating  ore  IOO99  the  balance  for 
^ore  1020  is  comparatively  rather  small. 

FnfSNZSS  OF  COHCEHTRATS8. 

The  concentration  tests  of  the  three  ores  embodied  crushing  to 
pass  10  mesh,  classifying,  and  treating  on  roughing  tables.  Ore 
buyers  have  said  that  they  were  not  interested  in  such  fine  material. 
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• 

Indeed,  it  would  not  be  suitable  as  a  major  part  of  a  manganese  blast- 
furnace mixture,  but  up  to  5,  or  possibly  10  per  cent,  it  should  not 
be  excessively  harmful.  There  would-be  a  larger  loss  in  flue  dust,  and 
if  material  of  better  structure  were  obtainable  it  would  be  greatly 
preferred  by  blast-furnace  operators.  Because  of  the  larger  losses 
attending  the  use  of  this  fine  material,  if  it  were  purchased  at  all, 
it  would  probably  be  penalized. 

Possibly  such  fine  concentrates  could  be  agglomerated  by  briquet- 
ting,  sintering,  or  nodulizing.  But  in  practice,  the  application  of 
any  such  process  to  a  particular  mine  is  rather  doubtful.  In  the 
first  place,  a  small  daily  output  would  not  suffice  to  keep  such  a 
plant  in  continuous  and  effective  operation.  A  sintering  plant 
might  be  erected  for  the  joint  use  of  several  mines,  or  might  be  erected 
independently  and  operated  on  a  custom  basis.  The  first  cost  of 
the  equipment  and  the  operating  costs  that  would  probably  prevail 
in  California  being  high,  it  is  doubtful  whether  such  plants  would  be 
profitable,  unless  there  were  some  assurance  of  high  prices  prevailing 
for  a  considerable  period  of  time. 

At  present  nodulizing  plants  at  iron  blast  furnaces  in  Chicago 
and  elsewhere  are  running  on  flue  dust.  In  an  emergency  they 
might  be  turned  over  to  manganese  concentrates,  and  the  operating 
company  reimbursed  in  some  manner,  possibly  by  a  joint  assessment 
of  miner  and  alloy  manufacturer.  It  is  presumed  that  the  sinter 
would  be  superior  to  natural  manganese  ores  as  mined  and  shipped 
direct,  and  that  a  certain  part  of  the  cost  might  be  charged  off 
against  improved  furnace  practice. 

The  time  required  for  the  erection  of  a  plant  may  be  considerable, 
and  private  capital  might  not  be  attracted  to  an  enterprise  of  this 
character  imless  there  were  some  assurance  that  a  given  margin  of 
profit  might  be  possible  for  a  period  long  enough  to  permit  retirement 
of  the  original  investment  for  the  plant  and  the  gaining  of  a  satisfac- 
tory return. 


CHAPTER    4,— PREPARATION    OF   MANGANESE    ORE. 


By  W.  R.  Crane. 


nrTEODTTCTOEY   STATEMEHT. 

The  great  demand  for  manganese  during  the  war  caused  many 
persons  to  engage  in  mining  and  preparing  manganese  ores  for 
market.  As  a  result  much  money  was  spent  on  plants  that  were 
not  adapted  to  the  work.  This  condition  was  recognized  by  the 
Bureau  of  Mines  early  in  1918,  and  an  effort  was  made  to  assist  the 
operators  of  manganese  properties  by  sending  engineers  into  the  field 
to  advise  as  to  the  proper  methods  of  mining  and  treating  the  ores. 

A  preliminary  study  of  the  operations  showed  that  the  methods 
in  general  'use  were  wasteful;  consequentiy,  if  practice  could  bo 
improved  it  was  estimated  that  the  production  of  the  various  districts 
could  be  increased,  by  saving  a  large  proportion  of  the  mineral 
formerly  lost — thousands  of  tons  a  year.  With  this  object  in  mind, 
a  standard  washing  plant  was  designed,  which  was  based  on  the  best 
and  most  successful  practice  in  manganese  properties  in  the  country. 

The  methods  employed  in  cleaning  and  concentrating  manganese 
ores  and  the  scale  of  operations  depend  largely  upon  the  size  and 
character  of  the  deposits  worked.  The  ores  obtained  from  the  differ- 
ent forms  of  deposits  are  so  varied  in  character  that  were  it  econom- 
ically possible  to  treat  all  of  them,  a  wide  variation  in  practice  would 
be  necessary.  The  irregular  deposits,  consisting  largely  of  manganese 
and  rock  fri^ments  inclosed  in  clay,  are  probably  more  largely 
treated  than  the  regular  forms  as  they  produce  the  bulk  of  the  ores 
treated.  A  relatively  large  amount  of  ore  also  comes  from  the 
regular  or  blanket  formations,  which  consist  of  replacement  deposits 
in  the  limestone  bed  rock. 

The  blanket  deposits  may  be  hard  ore  lying  upon  or  within  the 
limestone  bed  rock,  or  may  be  soft  or  wad  ores.  The  deposits  of  wad, 
some  of  which  are  of  large  size,  are  usually  of  low  grade  and  present 
special  problems  in  washing  and  concentration;  as  yet  no  serious 
attempt  has  been  made  toward  their  economic  treatment. 

Washing  and  concentration  methods  are  discussed  herein  in  the 
following  order:  (1)  Description  of  the  practice  in  the  various 
districts  and  (2)  description  of  a  standard  plant  the  design  of  which 
is  based  upon  the  best  practice  in  the  treatment  of  manganese  ore 
in  this  country. 

45 
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The  principal  difficulty  in  treating  the  ore,  or  wash  dirt,  from  the 
irregular  deposits  is  the  uncertain  supply.  Next  in  importance  is 
the  character  of  the  manganese  mineral  and  the  proportion  of  ore 
to  waste,  such  as  clay,  sand,  and  iron.  The  kind  of  ore  best  adapted 
to  washing  and  concentration  is  the  nodular  or  pebble-like  forms 
of  small  size;  next  is  the  granular  form;  both  are  usually  of  conven- 
ient size  for  log  washing  and  subsequent  jig  work.  The  kidney, 
dornick,  and  massive  ores  require  reduction  before  treatment  by 
log  washers  and  on  the  picking  belt,  but  owing  to  the  size  and  purity 
of  many  of  the  masses,  it  is  often  possible  to  make  a  high  recovery 
prior  to  treatment  in  logs  and  jigs. 

On  account  of  the  uncertain  and  variable  conditions  mentioned, 
the  tendency  in  treating  manganese  is  to  reduce  the  equipment  to 
a  minimum,  both  with  regard  to  kind  and  number  of  parts  employed. 
This  is  frequently  done  irrespective  of  the  desirability  of  such  limita- 
tion. Imperfect  cleaning  and  excessive  losses  usually  result  from 
the  curtailment  of  equipment.  However,  inadequate  equiment  of 
plants  is  not  always  due  to  the  wish  to  limit  the  first  cost,  but  often 
to  lack  of  definite  knowledge  regarding  proper  methods  of  treating 
manganese  ores,  and  the  following  of  local  practice,  however  poor  it 
maybe.  It  is,  therefore,  important  to  present  details  regarding  a 
standard  plant  that  incorporates  the  most  useful  and  desirable  fea- 
tures of  the  best  practice  in  this  country. 

HETHODS   EMPLOYED. 

The  preparation  of  manganese  ores  may  be  divided  into  two 
separate  and  distinct  parts — ^namely,  dry  mining,  and  washing  or 
concentration. 

DKY  MININQ. 

Dry  mining  does  not  refer  to  mining,  except  indirectly,  but  more 
to  the  cleaning  of  the  ore,  or  wash  dirt,  by  screening  it  as  mined. 
Not  all  wash  dirt  is  adapted  to  dry  mining,  as  some  clays  are  wet 
and  sticky,  or  occur  in  large  masses,  rendering  their  separation  from 
the  manganese  mineral  by  screening  practically  impossible.  Dirt 
that  can  be  best  treated  by  dry  mining  is  dry  and  granular,  and  can 
be  easily  broken  and  separated. 

The  dry-mining  method  is  unsatisfactory  at  best  and  is  scarcely 
ever  employed  in  operations  of  any  size  except  as  a  temporary 
expedient  prior  to  the  erection  of  a  washing  plant.  In  small-scale 
operations  where  the  deposits  are  small,  or  sufficient  funds  to  prop- 
erly equip  the  mine  are  lacking,  such  a  method  may  be  permissible. 
Also,  deposits  distant  from  a  water  supply  may  require  dry  mining 
if  they  are  to  be  worked  at  all.  In  any  event  the  method  is  wasteful, 
the  loss  of  fine  ore  frequently  amounting  to  25  to  35  per  cent  of  the 
recoverable  mineral  in  the  bank. 
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On  the  other  hand,  the  high-grade  manganese  occurring  in  solution 
cavities  can  be  mined  and  cleaned  by  hand  with  or  without  screening. 
In  such  deposits  the  bulk  of  the  ore  is  of  suitable  size  ancf  is  easily 
cleaned;  however,  even  under  the  most  favorable  conditions,  large 
losses  result. 

The  proportion  of  manganese  in  the  wash  dirt  is  the  controlling 
factor  in  dry  mining;  dirt  having  less  than  10  per  cent  mineral  can 
not  be  successfully  separated  by  screening  unless  the  bulk  of  the 
mineral  is  of  large  size. 

WASHING  AND  CONCENTRATION. 

The  principal  considerations  affecting  the  washing  and  concen- 
trating of  manganese  ores  are:  Quantity  of  wash  dirt  available, 
percentage  of  manganese  in  the  dirt,  and  water  supply.  No  plant 
should  be  erected  until  the  available  supply  of  ore  has  been  deter- 
mined within  reasonably  close  limits;  failure  to  test  a  property  prop- 
erly before  erecting  a  plant  shows  lack  of  good  business  judgment. 
Ore  may  occasionally  be  mined  and  hand  picked  under  exceptionally- 
favorable  conditions  of  occurrence  even  when  the  proportion  of  ore 
to  clay  is  1  to  50,  or  2  per  cent,  but  mining  must  be  done  on  a  large 
scale  by  machinery  and  the  bulk  of  the  ore  must  be  in  fairly  large 
masses.  Log  washers  and  jigs  can  not  readily  treat  materials  that 
are  leaner  than  1  to  35;  the  ratio  of  ore  to  dirt  should  preferably  be 
not  less  than  1  to  10,  or  10  per  cent,  which  is  a  fair  average  for  wash 
dirt  treated. 

The  design  of  a  plant  for  the  proper  treatment  of  any  manganese 
ore  must  be  based  upon  the  following  points:  Character  of  the 
manganese  mineral  and  its  physical  properties  and  occurrence;  the 
associated  minerals,  and  the  inclosing  rock  formations;  and  the 
practice  previously  followed,  if  any.  Of  only  slightly  less  importance 
are  the  local  conditions,  such  as  lay  of  the  ground,  water  supply,  and 
timber  for  construction  and  other  purposes. 

The  character  of  manganese  ore  varies  widely  in  different  parts 
of  the  same  district,  and  even  in  openings  on  one  property.  The 
mineral  may  be  dense  and  hard,  or  porous  and  hard,  or  porous  and 
soft.  The  specific  gtavity  also  varies  considerably,  ranging  from  3,5 
to  nearly  5 ;  the  average  for  the  bulk  of  the  mineral  treated  is  between 
3.5  and  4.  The  small  rounded  or  nodular  forms  and  the  small 
granular  pieces  can  be  treated  to  advantage,  but  fine  material  and 
large  masses  require  special  treatment. 

The  principal  minerals  associated  with  manganese,  as  indicated 
in  a  previous  chapter,  are  quartz  and  iron,  mostly  limonite;  barite 
is  of  rare  occurrence,  although  occasionally  found.  As  the  specific 
gravity  of  iron  is  similar  to  that  of  manganese  it  is  practically  im- 
possible to  effect  separation  mechanically;  consequently  it  is  .corn- 
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14*  Revolving  screen,  for  jig  No.  2,  J-inch,  ^inch,  and  J-inch;  oversize  to  cell  No. 
1,  undersize  to  cells  Nos.  2,  3,  and  4,  No.  2  jig. 

15,  Jig  No.  1  (two  cells);  gate  discharges  to  X2;  hutches  to  li;  overflow  to  5. 

16,  Jig  No.  2  (four  cells) ;  gate  discharges  to  It;  hutches  to  12;  overflow  to  5. 

17,  Hand-picking  table,  where  ore  is  sorted  by  attendants,  who  pick  out  iron  and 

other  impurities.    The  iron  is  sold  as  manganiferous  iron  ore. 

PBACTICE  IN  THE  BATESVUXE  DISTRICT,  ABEIANSAS. 

There  were  11  washers  built  in  the  Batesville  district,  Arkansas, 
during  1917  and  1918.  None  of  these  did  satisfactory  work,  largely 
because  the  builders  and  operators  did  not  appreciate  the  necessity 
of  providing  screens  for  properly  sizing  the  material  treated  on  the 
jigs. 

The  practice  in  this  district  is  simple  and  may  be  outlined  as  fol- 
lows: 

Flow  sheet  used  in  Batesville  district,  Arkansas, 

Wash  dirt  to  1. 

1.  Grizzly,  size  5  by  6  feet,  10  to  14  railroad  rails  spaced  4  inches;  oversize — ^waste 

rock  thrown  on  dump,  lump  ore  reduced  to  size  that  will  pass  through  grizzly 
to  f ;  undersize  to  i, 

2.  Double  log  washer,  28  feet  long,  slope  1  inch  to  1  foot;  discharge  to  3;  overflow  to  4, 
S.  Bevolving  screen,  6  feet  long  by  30  inches  in  diameter,  with  }-inch  perforations; 

oversize  to  5;  undersize  to  6, 

4.  Waste  bank. 

5.  Picking  belt,  22  feet  long  by  24  inches  wide;  ore  to  7;  waste  to  4^ 

6.  Harz  jig  (four  cells) ;  size  of  cells  22  inches  by  42  inches ;  gate  discharges  to  7;  hutches 

to  8. 

7.  Finished  ore  bin. 

8.  Harz  jig  (two  cells),  size  28  inches  by  36  inches;  gate  discharges  to  7,  hutches  to  7, 

tails  to  4* 

Rarely  are  more  than  two  jigs  employed  in  the  plants  for  washing 
manganese  ores,  and  in  many  plants  only  one  jig  is  used.  Revolving 
screens  or  trommels  are  commonly  used,  but  flat  screens  are  occa- 
sionally employed.  In  either  case  it  is  the  exception  rather  than  the 
rule  to  find  more  than  one  size  of  opening,  which  ranges  from  f  inch 
to  li  inches.  The  wide  range  in  size  fed  to  the  jigs  from  such  screens 
renders  good  separation  next  to  impossible.  Few  of  the  jig  products 
are  clean,  and  they  require  extensive  hand  picking  to  complete  the 
preparation.  This  hand  sorting  could  be  obviated  by  simply  rerun- 
ning the  hutch  products  of  the  rougher  jigs;  fairly  clean  products 
could  then  be  made  on  the  second  or  cleaner  jigs.  When  only  one 
jig  is  employed,  few  or  none  of  the  jig  products  is  suitable  for  market. 
Fairly  close  sizing  would  greatly  improve  the  work  done  by  the  jigs 
and  reduce  the  expense  of  preparation  by  eliminating  hand  picking. 

Probably  a  dozen  hand  jigs  have  been  in  use  in  the  district  at 
different  times.  As  with  the  power  jigs,  incomplete  separation  of 
waste  was  the  almost  universal  rule,  little  or  no  attention  being 
paid  to  sizing  of  the  feed. 
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PBACTICE  AT  A  MILL  AT  FHTLIPSBTJBa,  MONT. 

The  mill  of  the  Philipsburg  Mining  Co.  is  one  of  the  largest  iu  the 
West,  having  a  capacity  of  75  to  100  tons  per  day.  The  ores  treated 
are  the  oxides  mined  at  Philipsbuig,  Mont.  The  flow  sheet  of  the 
mill  follows: 

Floio  sheet  of  Philipsburg  Mining  Co,  at  Philipsburg ^  MonL 

Waah  dirt  (ore)  to  1. 
i.  Grizzly,  2-inch  spaces;  oversize  to  £,  undersize  to  S. 
2.  Gyratory  crusher,  No.  4,  IJ  inches,  to  S, 
S.  Ore  bin  to  4- 
4'  Revolving  screen,  IJ-mm.  mesh;  oversize  to  .5,  undersize  by  elevator  No.  lto6. 

5.  Picking  belt;  clean  ore  to  7,  rejected  by  elevator  No.  1  to  6, 

6.  Revolving  screen,  two  sections — first,  |-inch  mesh,  second,  f-inch  mesh;  oversize 

of  first  to  second,  undersize  of  first  to  8j  oversize  of  second  to  6,  undeisize  of 
second  to  9. 

7.  Clean-ore  bin. 

8.  Revolving  screen,  4-mm.  mesh;  oversize  to  10;  undersize  to  11. 

9.  Bull  jig;  concentrates  to  12;  overflow  to  13. 

10.  Middling  jig;  concentrates  to  12;  overflow  to  IS. 

11.  Revolving  screen,  IJ-mm.  mesh;  oversize  to  14;  undersize  to  15. 

12.  Dorr  classifier;  spigot  to  16;  overflow  to  17. 
IS.  Rolls,  J-inch  space,  by  elevator  No.  2  to  18. 

14.  Fine  jig;  concentrates  to  12,  overflow  to  IS. 

15.  Dewatering  tank;  spigot  to  19,  overflow  to  17. 

16.  Frue  vanner;  concentrates  by  No.  3  elevator  to  20,  overflow  to  17. 

17.  Settling  pond. 

18.  Revolving  screen;  2}-mm.  mesh,  oversize  to  two  coarse  jigs,  undersize  to  11, 

19.  Distributor  to  ;?^. 

20.  Drier  to  ^£. 

21.  Wilfley  tables;  concentrates  to  16,  tailings  to  2S. 

22.  Concentrates  bin. 
2S.  Waste  bank. 

DESCRIPTION  OF  A  STAND ABD  WASHING  PLANT. 

The  cleaning  of  manganese  ores  by  washing  and  jigging  can  readily 
be  accomplished  and  that,  too,  with  slight  change  in  the  present 
practice.  The  flow  sheet  of  a  plant  properly  arranged  to  do  satis- 
factory work  is  given  below. 

Flow  sheet  of  standard  washing  plant. 
Wash  dirt  to  i. 

1.  Grizzly,  2-inch  to  4-inch  spaces  between  bars;  oversize  rock  to  2\  manganese  by 

sledge  to  S;  undersize  to  S. 

2.  Rock   dump. 

3.  Log  washer,  double  log,  20  to  30  feet  long;  discharge  to  4'i  overflow  to  5. 

4»  Revolving  screen,  cylindrical  or  conical,  perforations  or  mesh  J^-inch  and  ^ 
inch;  oversize,  everything  above  J^-inch,  to  6;  undersize,  J^-inch  to  -i^inch, 
to  7;  -^inch  and  smaller,  to  8. 

6.  Mud  or  settling  pond. 

6.  Picking  belt;  rock  to  2;  manganese  to  9, 
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7,  Rougher  jig,  four  cells;  gate  discharges  to  9;  first  hutch  to  9]  second ,  third,  and 

fourth  hutches  to  10. 

8,  Sand  jig,  three  cells ;  gate  discharges  to  9 ;  hutches  to  9  or  10, 

9,  Finished  ore  bin. 

10,  Cleaner  jig,  three  cells;  gate  discharges  to  9;  hutches  to  9  or  11. 

11.  Shaking  table;  finished  product  to  9;  tailing  to  5. 

A  standard  washing  plant  having  tho  above  flow  sheet  may  be 
called  a  single  washer  or  unit,  and  has  a  capacity  of  40  to  50  tons  of 
finished  ore  per  10  hours.  An  increase  in  capacity  of  such  a  plant, 
aside  from  a  small  increase  gained  through  crowding,  would  mean 
doubling,  trebUng,  or  quadrupling  of  most  of  the  equipment  listed, 
with  corresponding  increase  in  the  volume  of  wash  dirt  treated. 

By  single  washer  is  not  meant  a  single  log,  but  a  single  washer 
with  double  logs.  Single  logs  do  good  work,  yet  in  a  plant  as  out- 
lined, a  double  log  should  be  employed. 

The  sizes  of  the  various  apparatus  of  a  standard  plant  are  indicated 
in  the  flow  sheet;  the  sizes  of  screens  and  adjustments  of  the  various 
apparatus  for  proper  operation  are  given  below. 

LOGS. 

The  number  of  revolutions  of  logs  varies  from  12  to  15  per  minute. 
The  amount  of  water  required  varies  widely  with  the  nature  of  the 
bank  dirt,  but  is  usually  50  to  75  gallons  per  minute.  The  capacity 
likewise  varies  with  the  bank  dirt;  average  dirt  should  yield  40  to  50 
tons  product  per  10  hours.  Roughly,  25  horsepower  is  required 
to  drive  logs. 

SCREENS. 

The  number  of  revolutions  is  15  to  20  per  minute,  being  approxi- 
mately the  same  for  cylindrical  and  conical  screens  36  to  48  inches 
in  diameter.  The  power  required  for  driving  varies  somewhat  with 
feed  and  size  of  material  handled,  but  is  about  one  horsepower.  The 
capacity  of  screens  of  the  sizes  given  ranges  from  45  to  55  tons  per 
10  hours  for  the  smaller,  and  50  to  75  tons  for  the  larger.  For  the 
ordinary  material  treated  the  screen  should  be  not  less  than  60  nor 
more  than  72  inches  long.  If  a  larger  number  of  sizes  is  desired,  it 
might  be  better  to  shorten  the  length  of  the  separate  screening  surface 
than  to  increase  unduly  the  length  of  the  whole  screen. 

PICKING    BELTS. 

The  sizes  of  picking  belts  commonly  employed,  which  have  proved 
satisfactory  for  the  usual  range  of  work  done,  are:  30  feet  long  by 
18  inches  wide  to  50  feet  long  by  30  inches  wide.  The  speed  of  the 
picking  belt  ranges  from  50  to  60  linear  feet  per  minute.  The  capacity 
is  limited  by  the  character  of  the  work;  if  the  material  sorted  is 
largely  ore  and  the  waste  rock  is  fairly  coarse,  the  capacity  is  large, 
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similarly  where  the  percentage  of  ore  is  small  and  the  individual 
pieces  are  large;  but  where  the  ore  and  waste  are  about  equal  in 
amount  and  there  is  a  wide  range  in  sizes,  the  capacity  may  be  small. 
Occasionally  two  picking  belts  are  used,  one  for  coarse,  the  other 
for  the  finer  materials,  but  such  practice  is  neither  necessary  nor 
desirable  in  a  standard  plant. 

JIGS. 

The  following  data  show  the  proper  adjustment  and  operation 
of  jigs: 

Data  regarding  size  and  operation  of  jig  equipment. 

(Dimensions  in  inches.) 

Width.  Length. 

Size  of  sieve  compartments 20  to  24  30  to  3S 

Size  of  plunger  compartments 18  to  22  30  to  38 

Size  of  sieve  openings:                                                        ut  ecu.  2nd  cell.   Srdceii.  ^thccii. 

Rougherjig i^  j^  ^  ^ 

Sandjig -h  ^  H  ]4 

Cleanerjig A  A  K  H 

Jjongth  of  stroke  of  jigs: 

Rougherjig 1^  1)4  IJi  IJ^ 

Sandjig 1  1  K  J^ 

Cleanerjig 1  1  %  % 

Number  of  strokes  jior  minute: 

Rougherjig 150  150  150  150 

Sandjig *. 200  200  200  200 

Cleanerjig 200  200  200  200 

Power  for  4-cell  jig,  2.5  to  3.0  hp. 

Power  for  3-cell  jig,  2.0  to  2.5  hp. 

Hydraulic  water  pipes:  Main  pipe  2  inches;  branch  pipes  1  incli. 

Amount  of  water  used  by  a  jig,  350  to  400  gallons  per  minute. 

Height  of  tailboard  or  dams,  3H  to  A}4  inches. 

Slope  of  bed  (sieve)  should  not  exceed  1  inch  to  length  of  bed;  with  heavy  mineral, 
bed  should  be  level.    Slope  should  be  against ,  not  with  movement  of  mineral . 

Drop  between  tailboards  or  dams,  1  inch. 

Height  of  gate  discharge  above  bed,  2  to  2J^  inches.  This  must  Ix*  varied  to  suit  con- 
ditions and  character  of  material  treated. 

Jigs  to  have  full  or  large  capacity  must  be  fed  regularly;  therefore 
jigs  receiving  the  feed  directly  or  indirectly  from  logs  usually  do 
unsatisfactory  work  for  the  reason  that  irregular  feeding  does  not 
permit  the  maintenance  of  a  bed  of  uniform  depth.  Further,  the 
feeding  of  materials  which  vary  from  sandy  to  clayey  in  character 
also  renders  it  difficult  to  keep  a  full  bed;  clayey  ores  tend  to  clog 
the  jig  beds  and  are  preferably  cleaned  by  tronmiels  and  jets  of  water. 

With  a  suitably  arranged  plant,  practically  all  materials  treated 
may  be  handled  by  gravity,  but  in  places  elevators  are  required. 
Elevators,  although  adding  to  the  equipment  and  the  expense  of 
operation,  permit  a  better  arrangement,  in  that  more  of  the  appa- 
ratus may  be  on  the  same  level,  and  therefore  more  accessible. 
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Elevators  are  particularly  useful  for  raising  the  hutch  products 
from  the  rougher  and  sand  jigs  to  the  cleaner  jigs.  Should  it  be 
found  desirable  to  employ  a  shakuig  table  in  reworking  the  hutch 
products  from  the  cleaner  jigs,  elevators  should  also  be  employed 
in  handling  them. 

TABLES. 

It  is  doubtful  whether  tables  can  be  used  to  advantage  in  the 
preparation  of  the  usual  run  of  manganese  ore,  as  outlined  and 
discussed.  However,  there  is  a  well-defined  field  for  their  application 
in  treating  certain  ores,  such  as  the  low-grade  blanket  deposits  and 
breccia  ores. 

DBY  CONCENTBATION. 

Largely  through  the  lack  of  an  adequate  supply  of  water  a  number 
of  attempts  have  been  made  to  clean  manganese  ores  by  dry  methods. 
Probably  the  most  extensive  and  elaborate  equipment  is  that  of  the 
Southern  Hill  Manganese  Co.  on  the  Southern  Hill  property,  in  the 
Batesville  district,  Arkansas. 

It  is  proposed  to  separate  the  ore  from  the  clay  and  rock  fragments 
by  passing  the  material  as  excavated  through  a  revolving  dnmi, 
where  it  will  be  thoroughly  dried  and  the  clay  pulverized.  On  being 
discharged  from  the  drum  the  fine  material  will  be  removed  by  a 
revolving  screen,  which  is  a  continuation  of  the  drum.  The  coarse 
manganese  and  waste  will  then  pass  to  a  picking  belt,  where  final 
separation  is  to  be  made.  The  smaller  sizes  of  ore  are  to  be  treated 
on  hand  jigs.  This  plant  has  never  been  operated  on  a  commercial 
scale;  consequently  no  definite  statement  can  be  made  regarding  its 
practicability. 

The  water  supply  for  manganese  washing  and  concentrating 
plants  is  important,  as  many  of  the  workable  properties  are  often 
at  considerable  distance  from  an  available  supply.  Pipe  lines 
3  to  4  inches  in  diameter  are  sufficiently  large  for  a  standard  plant. 
The  conservation  of  water  by  passing  it  through  settling  or  impound- 
ing ponds  usually  solves  the  problem  of  water  supply  where  the 
quantity  of  fresh  water  is  limited.  Once  a  plant  has  been  put  in 
operation  the  addition  of  25  per  cent  of  the  total  consumption  not 
only  provides  for  the  loss  due  to  wastage,  but  furnishes  the  required 
amount  of  fresh  water  for  those  steps  of  the  process  requiring  clean 
water. 

OENEBAL   STTMMABT   OF   GONDITIOirS   AFFECTINO 

CONCEirTBATIOir. 

On  account  of  the  irregxilarity  of  manganese  deposits  and  the 
uncertainty  of  an  adequate  supply  of  ore,  great  care  should  be  exer- 
cised in  connection  with  the  various  operations,  particularly  with 
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respect  to  prospecting  and  mining.     Similarly,  preparatory  to  the 
erection  of  a  washing  or  concentrating  plant,  the  factors  that  have 
to  do  with  the  success  of  the  work  must  be  carefully  considered. 
The  principal  considerations  affecting  the  cleaning  of  ores  are: 

1.  The  character  and  grade  of  ore. 

2.  The  recoverable  percentage  of  mineral. 

3.  Relative  value  of  crude  to  cleaned  ore. 

4.  Basis  upon  which  royalty  is  paid,  whether  crude  ore  or  the 
cleaned  product. 

Aside  from  the  clay  and  other  materials  more  or  less  intimately 
mixed  with  manganese  considerable  silica  is  associated  with  the 
ores.  The  silica  may  be  *'free"  or  ^'attached.''  The  free  silica  can 
be  readily  removed  by  washing,  but  the  attached  silica,  being 
embedded  in  the  ore  or  attached  to  it  can  be  separated,  if  at  all, 
with  difficulty. 

High-grade  ores,  particularly  when  occiming  in  large  masses,  and 
soft  ore,  as  pyrolusite,  should  receive  the  minimum  preparation 
consistent  with  proper  cleaning.  Low-grade  ores  usually  require 
much  more  careful  treatment  than  the  high-grade  ores,  and  the 
work  and  expense  of  concentration  depend  largely  upon  the  impuri* 
ties  present.  Free  silica  is  not  difficult  to  separate  from  the  man- 
ganese. Soft  ore,  or  wad,  although  of  high  grade,  is  difficult  to 
clean  without  great  loss  from  fines,  particularly  when  much  fine 
sand  is  mixed  with  the  clays  and  ore. 

The  recoverable  percentage  of  mineral  in  the  wash  dirt  depends 
largely  upon  the  character  of  the  mineral.  Certain  clays  are  readily 
broken  and  separated  from  the  manganese,  whereas  others  become 
pasty  when  washed,  adhering  tenaciously  to  the  particles  of  mineral. 
As  a  rule,  the  larger  the  pieces  of  ore  and  the  higher  the  grade  the 
more  readily  is  separation  from  the  waste  effected,  owing  probably 
to  the  smoother  surfaces.  Nodular  ore  of  small  and  fairly  uniform 
size  is  readily  washed  and  jigged,  but  fragments  from  large  masses 
and  rough  particles  resulting  from  decay  of  limestone  and  possible 
partial  solution  of  manganese  are  very  difficult  to  clean  satisfactorily. 

The  relative  value  of  crude  ore  as  compared  with  that  of  cleaned 
ore  may  be  the  deciding  factor  in  determining  whether  a  concentrat- 
ing plant  should  be  erected.  During  the  past  year  considerable 
juantity  of  low-grade  ores  was  shipped  at  a  low  price,  simply  because 
there  was  a  market  for  it.  The  question  is  whether  such  ores  could 
not  have  been  raised  in  grade  by  concentration,  so  as  to  have  brought 
a  price  that  would  have  warranted  the  erection  of  a  suitable  plant. 
However,  uncertainty  as  to  extent  of  the  deposits  and  the  length  of 
time  the  prevailing  schedule  of  prices  would  be  maintained  did  not 
foster  experiments  of  this  sort. 
ISTSSS**— 20 5 
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The  grade  of  ore  upon  which  royalties  are  assessed  has  been  the 
cause  of  considerable  trouble  in  different  districts,  but  in  most  of 
the  districts  during  the  past  year  royalties  were  paid  on  aU  oras 
coming  withm  the  schedule  miless  otherwise  specified.  In  the 
future  high-grade  ores  will  alone  be  subject  to  royalty  charges. 

In  future  careful  mining  in  well-proved  deposits  of  high-grade 
ore  will  be  necessary  in  the  various  manganese  districts.  The  ores 
mined  will,  in  turn,  require  either  close  hand-picking  or  concentra- 
tion in  well-designed  plants  in  order  to  produce  a  high-grade  ore, 
low  in  silica  and  phosphorus.  With  a  dependable  output  of  such 
ore,  it  should  be  possible  to  continue  operation  in  the  face  of  foreign 
competition  wherever  freight  rates  to  consuming  furnaces  are  rea- 
sonably favorable. 


CHAPTER    5-— LEACHING    OF    MANGANESE    ORES    WITH 

SULPHUR  DIOXIDE. 


By  C.  E.  VAN  Babneveld. 


IITTEODVCTOBT   STATEMENT. 

Early  in  1918  the  Bureau  of  Mines,  through  its  mining  experiment 
station  at  Tucson,  Ariz.,  began  an  investigation  of  possible  methods 
of  recovering  manganese  from  the  numerous  deposits  of  low-grade, 
siliceous,  secondary  manganese  ores  that  are  scattered  throughout 
Arizona,  New  Mexico,  and  Utah.  The  aggregate  quantity  of  such 
ore  is  large,  but  as  a  rule  these  ores  are  not  amenable  to  ordinary 
methods  of  concentration,  and  the  proportion  of  ore  that  can  be  brought 
to  shipping  grade  by  sorting  and  screening  is  usually  small.  Much  of 
this  ore  is  found  in  localities  tributary  to  the  copper-smelting  dis- 
tricts where  waste  sulphurous  roaster  gases  are  available.  The 
possibility  of  using  sulphur  dioxide  as  a  leaching  agent  for  manganese 
had  long  been  recognized,  and  it  was  thought  that  a  process  developed 
at  the  Tucson  station  for  leaching  certain  copper  ores  with  hot  sul- 
phurous fimies  might  be  successfully  applied  to  this  type  of  manga- 
niferous  material.  In  May,  1918,  some  leaching  tests  were  made  at 
this  station  on  manganese  ores  from  the  Patagonia  district  in  Arizona. 
The  results  were  sufficiently  encouraging  to  lead  to  an  extensive 
program  of  research  into  the  possibility  of  developing  an  SOj-leaching 
process  which  would  produce  a  high-grade  sinter  containing  over  60 
per  cent  metallic  manganese  in  the  form  of  oxides,  free  from  silica 
and  phosphorus.  The  investigation  had  not  been  completed  when 
the  economic  situation  as  regards  manganese  was  entirely  changed 
by  the  armistice  and  further  experimentation  was  abandoned.  How- 
ever, sufficient  work  had  been  done  to  warrant  certain  conclusions. 
As  these  may  have  a  scientific  interest  and  a  bearing  upon  other 
chemical  and  metallurgical  operations,  the  following  brief  report  is 
presented. 

The  work  was  undertaken  with  due  recognition  of  certain  facts: 

1.  That  prompt  action  was  essential. 

2.  That  the  process  would  probably  have  to  be  applied  at  smelting 
centers  where  sulphurous  fumes  were  available  as  waste  products, 
and  that  the  cost  of  transportation  of  ores  to  the  smelter  would  bo 
a  limiting  factor  in  its  application. 

57 
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3.  That  a  plant  of  250-ton  capacity  would  be  the  desurable  unit 
and  that  in  all  probability  two  such  units  would  be  the  maximum 
installation  for  any  one  smelter. 

4.  That  from  4  to  6  months  would  be  required  for  construction 
and  that  the  cost  of  the  plant  would  have  to  be  written  off  (Jver  an 
operating  period  of  12  or  even  6  months. 

5.  That  the  cooperation  of  the  copper-smelting  companies  in 
Arizona  and  Utah  and  of  the  large  consumers  of  manganese  would 
be  necessary  in  order  to  arrange  for  prompt  plant  construction;  also 
that  it  might  be.  possible  and  necessary  to  use  public  funds. 

The  investigation  was  carried  .through  the  laboratory  stage  on  a 
sufficiently  large  scale  to  warrant  as  a  wartime  measure  the  construc- 
tion on  the  results  obtained  of  a  commercial  unit.  On  October  1  u^o- 
tiations  were  under  way  for  the  erection  of  a  250-ton  unit  at  one  of  the 
copper  smelters,  in  cooperation  with  a  large  producer  of  lead-zinc-silver- 
iron-manganese  ore  in  which  only  the  fluxing  value  of  the  manganese 
was  being  realized.  While  this  negotiation  was  in  progress  the  rapid 
improvement  in  the  military  situation  so  changed  the  outlook  that 
the  undertaking  was  abandoned  before  final  plans  were  drawn. 

BESXTLTS   OF   TESTS. 

The  tests  made  included  ores  from  the  Clifton,  Bisbee,  and  Pata- 
gonia districts  in  Arizona;  also  representative  ores  from  New  Mexico, 
Utah,  Nevada,  and  California.  The  results  of  the  tests  are  presented 
in  Table  10  following: 
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OBSEEVATIOKS    OK   BESXTLTS    OF    TESTS. 

The  following  observations,  based  entirely  on  work  done  with  dilute 
hot  sulphurous  gases  (under  6  per  cent  SO2)  used  coxmtercurrent  to 
the  flow  of  the  pulp,  are  presented: 

THE  OBE. 

The  general  run  of  western  ores  may  be  described  as  impure 
psilomelane  resulting  from  alteration  of  silicate  or  carbonate.  The 
impurities  may  include  numerous  substances  such  as  lime,  silica 
(which  may  or  may  not  be  combined),  and  iron  in  the  form  of  hmonite 
or  siderite. 

Such  an  ore  is  readily  leached  with  SOj  and  need  rarely  be  crushed 
finer  than  20  mesh  to  insure  a  good  extraction. 


The  pulp  should  be  broken  into  a  fine  spray  to  insure  contact 
between  the  mineral  particles  and  the  reagent.  A  leaching  drum 
was  designed  at  this  station  for  the  lixiviation  of  nonsulphide  copper 
ores  which  gives  the  necessary  agitation  and  contact. 

A  patent  (U.  S.  patent  No.  243015)  was  applied  for  and  was  granted 
on  November  8,  1918. 

Briefly,  this  apparatus  comprises  a  drum  set  horizontally,  to  rotate 
slowly.  The  interior  is  divided  into  compartments  by  a  series  of 
transverse  partitions,  each  compartment  having  longitudinal  baffles 
and  peripheral  lifters.  The  transverse  partitions  are  perforated  so 
that  the  pulp  may  pass  through  the  successive  compartments  to  the 
end  or  discharge  compartment.  The  pulp  is  fed  into  the  first  com- 
partment and  drops  to  the  bottom  of  the  compartment;  as  the  drum 
rotates  the  peripheral  lifts  raise  the  pulp  until  it  is  spilled  onto  the 
horizontal  staggered  baffles  below  in  such  manner  that  the  pulp  is 
splashed  and  distributed  over  the  surfaces  of  the  bars  and  against 
the  transverse  partitions  in  fine  descending  drops  and  particles, 
thereby  insuring  intimate  and  prolonged  contact  between  the  ore 
particles  and  the  countercurrent  sulphurous  and  oxidizing  gases. 
With  a  constant  feed  a  flow  is  established  within  the  drum,  so  that 
the  pulp  is  gradually  passed  through  the  successive  compartments 
into  the  last  or  discharging  compartment,  the  lifters  of  which  raise 
the  pulp  and  drop  it  into  a  discharge  or  exit  pipe  whereby  it  is  con- 
ducted through  a  trap  opening  into  a  discharge  launder. 

The  pulp  enters  one  end  of  the  drum  cold,  and  the  SOj-charged  air 
or  gas  enters  the  opposite  end  hot.  The  countercurrent  flow  devel- 
oped results  in  the  pulp  becoming  progressively  warmer  and  the  gas 
becoming  correspondingly  cooler,  until  the  pulp  at  the  discharge  end 
is  heated  to  any  desired  temperature.     When  SOj  is  introduced  as  a 


OBSERVATIONS  ON  RESULTS  OF  TESTS.  •  61 

hot  dilute  gas  containing  less  than  6  per  cent  SOj  by  volume  (the 
balance  of  the  gas  being  largely  air,  which  has  lost  part  of  its  oxygen 
and  which  may  contain  the  various  impurities  commonly  found  in 
roaster  gases)  and  is  projected  into  a  fine  spray  of  hot  pulp  or  solution, 
absorption  of  SOj  is  practically  negligible  and  the  hot  pulp  or  solution 
will  contain  practically  no  free  SOj  and  will  discharge  from  the  drum 
in  a  practically  neutral  condition. 

SOLUBILITY  OF  THE  MANGANESE  MINERALS. 

The  various  higher  manganese  oxides,  especially  pyrolusite/ 
psilomelane,  and  wad,  were  found  to  be  readily  soluble  in  the  hot 
sulphurous  acid  formed  by  introducing  hot  air  or  furnace  gas  con- 
taining 2  to  6  per  cent  SO,  0)y  volume)  countercurrent  to  a  pulp  flow 
having  a  consistency  of  2  of  water  to  1  of  ore  crushed  to  20  mesh. 
Manganite  and  braunite  are  not  commercially  soluble. 

Silicates  of  manganese  are  insoluble  in  sulphurous  acid  at  atmos- 
pheric pressure  and  only  slightly  soluble  under  pressure. 

Carbonates  of  manganese  may,  from  an  operating  standpoint,  be 
considered  insoluble.  The  reagent  slowly  attacks  and  decomposes 
the  carbonate,  but  some  of  the  dissolved  manganese  at  once  repre- 
cipitates  as  a  sulphite;  this  precipitate  coats  the  remaining  undis- 
solved carbonate  and  effectually  prevents  further  dissolution. 

ntoN. 

The  effect  of  SO,  on  iron  minerals  differs  markedly  from  its  effect 
on  manganese  minerals.  Iron  in  the  oxide  form,  such  as  magnetite, 
hematite,  and  limonite,  is  practically  insoluble  in  SO,.  Metallic  iron 
and  iron  in  the  form  of  carbonate  (siderite)  is  readily  soluble.  This 
iron  will  be  in  solution  as  a  ferrous  sulphite  or  sulphate;  it  will, 
however,  precipitate  as  a  basic  ferric  compound  in  the  presence  of 
either  CaCOj  and  oxygen  or  ZnCO,  and  oxygen;  it  wUl  also  be 
similarly  precipitated  from  solution  so  long  as  there  is  undissolved 
MnO,  in  the  ore  charge. 

PHOSPHORUS. 

In  some  forms  phosphorous  dissolves  readily  in  SO,.  No  large 
scale  tests  in  the  drum  were  made  on  high  phosphorus  ores.  Lab- 
oratory tests,  however,  indicate  that  by  the  use  of  tandem  drums 
phosphorus  may  be  eliminated  in  the  following  manner:  The  phos- 
phorus will  not  be  dissolved  in  the  first  drum  (the  discharge  from 
which  still  contains  much  undissolved  manganese  and  other  bases). 
Whatever  dissolved  phosphorus  is  discharged  from  the  second  drum 
will  return  to  the  ball  mill.  The  addition  of  large  quantities  of 
fresh  ore  will  at  once  neutralize  these  solutions,  and  the  phosphorus 
will  thereupon  precipitate.  If  sufficient  soluble  iron  and  phos- 
phorus are  present  to  cause  the  building  up  of  these  elements  by  reso- 
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lutioii  in  the  drum  after  precipitation  in  the  ball  mill,  then  the  filtrate 
from  the  second  dnim  may  be  passed  over  any  available  carbonates, 
such  as  CaCOg,  prior  to  being  returned  to  the  ball  mill.  The  iron  and 
phosphorus  in  solution  would  then  be  precipitated  and  eliminated 
from  the  circuit. 

LUCE. 

In  the  presence  of  an  appreciable  amount  of  MnO^  the  concentra- 
tion of  free  SO3  is  insufficient  to  decompose  CaCOj.  As  dissolution 
of  MnOj  progresses,  some  CaCOg  will  be  dissolved  and  precipitated  as 
CaSO^  (insoluble).  The  catalytic  action  of  the  iron  and  manganese 
oxides  will  convert  a  small  proportion  of  the  entering  SO3  to  SOj;  the 
resulting  sulphuric  acid  will  convert  CaCOj  to  CaS04.  Some  of  the 
CaCOg  particles  become  coated  with  gypsmn  and  are  not  further 
acted  upon  by  the  acids  in  the  drum. 

ZINC  AND  COPPEB. 

Zinc  and  copper  in  nonsulphide  form  are  readily  dissolved  by  SO,, 
but  sulphides  of  these  metals  are  not  attacked. 

TBEATICENT  OF  THE  PREGNANT  SOLUTION. 

The  discharge  from  the  drum  will  consist  of  a  pulp  containing  in 
solution  as  sulphates  the  manganese,  zinc,  copper,  and  perhaps  some 
iron;  as  solids  the  gangue,  the  sulphides,  the  other  insoluble  minerals, 
and  any  dissolved  lime  reprecipitated  as  CaSO^. 

The  pregnant  solution  may  be  separated  from  the  solids  by  filtra- 
tion and  washing  in  pressure  filters. 

Any  copper  present  in  the  filtrate  may  be  recovered  by  precipitation 
on  iron. 

The  manganese-zinc  content  is  removed  together,  either  by  crys- 
tallization, in  large-scale  permanent  installations,  where  the  lowest 
operating  costs  are  to  be  sought,  or  by  evaporation  in  pans  with 
artificial  heat  in  smaller  or  in  temporary  installations,  where  minimum 
installation  expense  would  regulate  the  choice. 

The  resulting  sulphate  is  roasted  for  two  hours,  more  or  less,  in  a 
rotary  type  of  clinker  furnace  at  a  temperature  ranging  from  826®  to 
1,000^  C. 

The  product  from  the  roaster  is  a  hard,  compact  clinker  which  in 
the  zinc-free  ores  will  rim  from  60  to  64  per  cent  manganese.  Any 
remaining  manganese  sulphate  may  be  removed  by  water  leaching; 
this  leaching  does  not  seem  to  cause  the  cake  to  crumble.  The  waste 
heat  from  this  operation  is  used  to  heat  the  cast-iron  evaporation 
pans.    The  SO,  gas  may  be  used  over  again  as  a  solvent  if  desired. 

The  manganese  sulphate  commences  to  decompose  around  700*^ 
C.  and  should  break  up  completely  at  830**  C.  It  was  found  that  in 
order  to  e£fect  complete  decomposition  of  the  sulphate  with  reason- 
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able  quickness  (say  in  30  minutes)  the  roast  should  be  preformed  at 
considerably  higher  temperature — aromid  950**  C.  Plenty  of  oxygen 
is  necessary.  In  a  reducing  atmosphere  some  manganese  sulphide 
will  be  formed;  once  formed,  this  can  only  be  broken  up  by  first 
reoxidizing  to  the  sulphate. 

CONDITIONS  ESSENTIAIi  IN  COMMEBCIAIi  PBACTICE. 

Three  essential  conditions  must  be  complied  with  in  commercial 
operations. 

(a)  In  order  that  dissolution  may  be  effected  rapidly  a  reasonable 
strength  of  gas  is  required — ^not  less  than  2  per  cent  and  up  to  6  per 
cent  of  SO, — the  balance  of  the  gas  being  heated  furnace  products. 

(fi)  Heat  aids  dissolution.  It  is  desirable  to  have  an  admission 
temperature  of  gas  which  will  give  the  discharging  solutions  a  tern* 
peTature  of  40°  C.  minimum  to  60°  C.  maximum. 

(c)  The  time  of  contact  is  regulated  by  the  rate  of  flow  of  pulp 
through  the  drum.  The  eflSciency  of  extraction  is  directly  propor- 
tionate to  the  pulp  siu*face  exposed  to  the  gas.  This  in  turn  depends 
upon  proper  agitation  and  breaking  up  of  the  pulp  into  a  very  fine 
spray  which  must  be  so  directed  coimtercurrent  to  the  gas  that  no 
particle  of  mineral  can  escape  contact  with  the  reagent.  This  can 
be  satisfactorily  accomplished  in  15  to  30  minutes  in  the  drum 
described. 

LEACHING  IN  TWO  STAGES. 

Manganese  sulphate  solutions  are  near  the  point  of  saturation 
when  Uiey  contain  11  per  cent  manganese  (specific  gravity  1.5).  As 
the  solution  approaches  the  point  of  saturation  the  rate  of  dissolu- 
tion decreases  markedly.  On  the  other  hand,  maximum  concentra- 
tion of  solutions  minimizes  the  expense  of  subsequent  evaporation 
to  dryness,  which  is  the  next  step  in  the  process.  Therefore,  leach- 
ing should  be  performed  in  two  stages  in  two  tandem  drums  as  indi- 
cated on  the  flow  sheet  shown  in  figure  1. 

Wet  crushing  in  ball  mills  is  advised  in  circuit  with  drag  classifiers, 
the  filtrate  from  the  second  drum  discharge  being  used  to  pulp  the  ore. 

The  discharge  from  the  first  drum  will  be  a  practically  neutral 
pulp  made  up  of  partly  leached  ore,  which  will  still  contain  consid- 
erable undissolved  manganese,  and  a  solution  containing  MnS04 
near  the  point  of  saturation,  and  also  ZnS04  and  CUSO4  if  non- 
sulphide  zinc  and  copper  are  present  in  the  ore.  This  solution  will 
not  contain  iron.  This  pulp  is  then  filtered  on  a  pressure  t3rpe  of 
filter  and  the  various  products  are  disposed  of  as  follows  : 

(a)  The  filtrate  is  treated  for  recovery  of  valuable  metals  as  pre- 
viously described. 

(5)  The  filter  cake  and  wash  water  are  repulped  in  a  pulping  tank, 
together  with  the  wash  water  from  the  second  drum  filtration,  to 
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form  the  feed  for  the  second  drum,  where  the  remaining  SOa-solublo 
minerals,  including  perhaps  some  iron,  are  dissolved. 

The  discharge  from  the  second  drum  is  filtered  and  the  various 
products  are  disposed  of  as  follows: 

(a)  The  residue  or  filter  cake  goes  to  waste,  or  to  a  briquetting 
plant  in  case  the  lead-silver  or  copper-silver  or  other  values  warrant 
further  treatment  such  as  smelting. 


Ore 


250-ton  baU  mUL 
crushing  in  circuit 
with  drag  classifier. 


^ 


B 

One  leaching  drum,  14  feet  in  diameter  by 
48  feet  long,  to  complete  the  leaching. 


3 


Two  leaching  drums,  14  feet  in  diameter  bv 
48  feet  long,  each  taking  one-half  of  ball- 
mill  prodact  and  dissolving  60  to  70  per 
cent  of  the  SOrsoluble  min^tUs. 


Pulp  discharge,  including  solution  carry- 
ing 3  to  6  per  cent  Mn. 


Pressure  filter. 
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FiQUBE  1.— Flow  sheet  of  proposed  plant  for  SOs  leaching  of  manganese  ores. 

(6)  The  filtrate,  which  may  contain  up  to  6  or  6  per  cent  man- 
ganese, goes  to  the  ball  miU  to  pulp  the  original  ore  for  the  first 
drum. 

(c)  The  washwater  from  filtration  goes  to  the  pulping  tank  in 
which  the  filtercake  from  the  first  filtration  is  pulped  prior  to  being 
fed  into  the  second  drum. 

The  crushing,  leaching,  filtration,  and  washing  are  thus  carried  on 
in  a  circuit.  Any  iron  dissolved  in  the  second  drum  is  returned  to 
the  ball  mill  and  is  there  immediately  precipitated. 
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FILTERS. 

A  pulp  made  of  20-mesh  ore  and  a  saturated,  slimy  MnS04  solu- 
tion presents  an  interesting  filtration  problem.  Tests  on  a  semi- 
commercial  scale  proved  that  the  vacuum  type  of  filter  could  be 
used  only  by  the  addition  of  filter  cells  and  by  dilution  of  the  MnS04 
solution  considerably  below  the  saturation  point.  In  a  series  of 
tests  made  under  the  direction  of  A.  W.  Hudson,  of  the  Phelps 
Dodge  Corporation,  on  manganiferous  silver  ore  from  Tombstone, 
Ariz.,  vacuum  filters  proved  inadequate.  The  addition  of  filter  cells 
partly  nullified  the  concentration  of  silver  values  obtained  by  extrac- 
tion of  the  manganese.  The  dilution  of  the  pregnant  liquid  appre- 
ciably below  the  point  of  saturation  increased  the  cost  of  subsequent 
evaporation  of  MnS04. 

A  test  made  on  a  pressure  type  of  filter  gave  the  following  results  : 
The  quantity  of  pulp  passed  through  the  filter  contained  3,200  pounds 
of  solid  matter  and  jdelded  4,000  pounds  of  cake  containing  20  per 
cent  water.  The  filter  yielded  6.6  pounds  of  filter  cake  (20  per  cent 
water)  per  square  foot  per  hour.  On  this  basis  a  plant  to  treat  250 
tons  of  dry  ore  would  yield  312.5  tons  of  filter  cake  (20  per  cent 
water)  and  would  require  (3 12.5  X  2,000) -s- (6.6x24)  =3, 946  square 
feet  of  filtering  surface. 

OOBBOSION. 

CJorrosion  of  metal  in  contact  with  the  solution  was  found  by  ex- 
periment to  be  due  entirely  to  the  action  of  ferrous  sulphate  and 
liberated  sulphuric  acid.  Leaching  in  two  stages  presents  a  simple 
solution  of  this  difficulty.  As  sulphur  dioxide  has  a  marked  affinity 
for  manganese,  conditions  in  the  first  drum  may  be  so  regulated  as 
to  avoid  the  dissolution  of  any  iron,  and  the  resulting  pregnant 
liquid  will  not  corrode  the  evaporation  pans.  The  solution  from  the 
second  drum  may  be  neutralized  and  the  dissolved  iron  may  be  pre- 
cipitated over  carbonates  prior  to  the  return  of  this  solution  into  the 
crushing  end  of  the  circuit,  or  this  may  be  done  in  the  ball  mill. 

STTLFHUB  DIOXIDE. 

Sulphur  dioxide  for  leaching  purposes  may  be  obtained  (a)  by 
burning  flower  sulphur  in  sulphur  burners ;  (6)  by  roasting  high-grade 
iron  pyrites  containing  sufficient  copper  or  silver  to  give  the  calcines 
a  market  value;  (c)  as  a  waste  product  from  roasting  furnaces  at  a 
copper  smelting  plant. 

Approximately  three-fourths  of  a  unit  of  sulphur  is  required  on 
an  average  for  each  unit  of  manganese,  iron,  zinc,  and  lime  dissolved. 
Most  of  the  sulphur  dioxide  consumed  in  leaching  is  recovered  in 
the  final  roasting  of  the  sulphate  and  can  be  reused.  Sulphur  in 
combination  with  lime  is  lost.  In  view  of  the  plant  requirement, 
the  relatively  small  size  of  the  average  western  manganese  deposit, 
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and  the  uncertainty  of  the  manganese  market  over  a  period  of  years, 
it  would  seem  that  with  sulphur  dioxide  reduction  of  straight  man- 
ganese ores  must  be  confined  to  favorably  situated  copper  smelting 
plants  where  sulphur  dioxide  of  the  proper  strength  is  available  as 
a  waste  product. 

COMPLEX  OHES. 

The  foregoing  observations  relate  lai^ely  to  ores  in  which  man- 
ganese is  the  principal  constituent.  Some  study  was  also  given  to 
the  more  complex  manganif  erous  ores,  such  as  silver  ores,  lead-silver 
ores,  copper-silver  ores,  and  zinc  ores,  containing  sufficient  man- 
ganese and  occurring  in  sufficiently  large  quantities  to  warrant  their 
consideration  as  a  possible  emergency  source  of  manganese.  Much 
laboratory  work  was  done  in  an  attempt  to  determine  the  relative 
solubility  in  sulphur  dioxide  of  the  various  minerals  that  may  be 
present  in  a  complex  ore,  in  the  hope  that  some  selective  action 
might  be  discovered  which  would  effect  a  separation  between  man- 
ganese and  zinc.  However,  it  was  impossible  to  reproduce  or  to 
maintain  in  the  drum  the  conditions  that  in  the  laboratory  might 
produce  certain  preferential  action  on  oxides  over  carbonates.  Under 
operating  conditions  a  large  excess  of  acid  is  always  present  in  some 
part  of  the  drum;  and  the  result  is  that  the  various  SO,  soluble  man- 
ganese, zinc,  and  copper  minerals  are  attacked  practically  simul- 
taneously. If  anything,  zinc  minerals  (with  the  exception  of  crystal- 
line zincite)  will  be  dissolved  fastest;  the  higher  manganese  oxides 
are  next  in  the  scale  and  the  copper  minerals  last. 

As  the  three  minerals  soluble  in  SO,,  copper,  zinc,  and  manganese>  are 
recovered  together  as  sulphates  in  the  filtrate,  their  separate  recovery 
from  sulphate  solution  was  investigated.  Copper  offers  no  difficulty; 
it  may  be  recovered  by  passing  the  solution  over  iron.  In  order  to 
retain  the  manganese  in  solution  during  the  precipitation  of  the 
copper,  the  specific  gravity  of  the  pregnant  solutions  in  treating 
copper-bearing  ores,  must  be  lessened.  The  copper  in  solution  will 
be  replaced  with  iron  which  will,  of  course,  result  in  a  slightly  lower 
manganese  content  in  the  sinter.  Some  preliminary  work  was  done 
on  the  separation  of  zinc  and  manganese,  which  may  be  briefly  sum- 
marized as  follows: 

(a)  A  straight  oxidizing  roast  around  1,050^  C.  converts  the  sul- 
phates to  oxides.  If  these  oxides  are  mixed  with  powdered  coal  and 
are  then  heated  in  a  retort  to  1,500^  C,  the  zinc  volatilizes  with  a 
recovery  of  80  per  cent  of  condensed  metallic  zinc. 

(h)  A  60  per  cent  zinc  recovery  as  oxide  is  possible  by  subjecting 
the  sulphates  to  a  straight  oxidizing  roast  until  converted  to  oxides 
and  then  adding  coal  or  other  reducing  agent  and  continuing  the 
roast  in  the  presence  of  air  at  1,350^  C. 
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(c)  A  chloridizing  roast  will  cause  the  zinc  to  volatilize  as  chloride. 
If  sodium  chloride  is  used  the  soda  fuses  with  the  mass,  thus  prevent- 
ing complete  chloridization.  If  calcium  chloride  is  used  there  is  no 
fusion.  The  lime  is  converted  to  sulphate  (insoluble  in  SO,),  part  of 
the  manganese  becomes  oxidized  and  part  remains  as  sulphate. 
The  latter  is  water-soluble  and  the  oxidized  manganese  can  be  ex- 
tracted by  redissolving  it  with  SO,,  an  operation  which  calls  for  too 
much  manipulation  and  expense  to  be  commercially  practicable 
except  under  very  favorable  conditions. 

(d)  Electrolysis  does  not  seem  practicable.  The  zinc  goes  to  the 
cathode  and  the  manganese  to  the  anode.  The  HaS04  set  free  at 
both  poles  attacks  the  zinc.  Apart  from  this,  there  are  the  troubles 
engendered  by  foul  solutions. 

This  investigation  is  incomplete  and  should  receive  further  atten- 
tion. 

COSTS. 

GENERAL  ESTIMATE. 

The  cost  of  a  250-ton  unit  erected  at  the  Salt  Lake  smelters  or  at 
the  Douglas,  Arizona  smelter,  would  in  normal  times  be  roughly 
$100,000.  A  500-ton  unit  should  not  cost  to  exceed  $150,000.  Under 
present  (1918)  conditions  a  250-ton  unit  would  cost  perhaps  as  much 
as  $200,000.  The  operating  cost  would  be  $12  to  $14  per  ton  of  ship- 
ping product  based  on  an  80  per  cent  recovery  of  manganese  from  an 
ore  which  has  a  manganese  content  of  20  per  cent.  This  includes 
crushing,  leaching,  and  filtering  4  tons  of  ore;  drying  the  filtrate 
and  roasting  the  dried  manganese  sulphate.  The  resulting  shipping 
product  would  be  a  sinter,  free  from  silica,  alumina,  and  phosphorus, 
which  in  the  ores  free  from  nonsulphide  zinc  or  copper  would  contain 
60  to  64  per  cent  manganese  as  oxides. 

The  cost  of  SO,  treatment  per  ton  of  ore  at  a  smelter  where  waste 
SOj  gases  are  available  should  fall  well  within  the  estimated  cost  of 
$3.50  indicated  in  the  following  table. 

Estimate  cost  of  treating  one  ton  of  manganese  ore, 

Cnifihing  in  gyratory  and  ball  mill $0. 40 

Disposal  of  tailings 10 

Operation  of  drumB  and  filtration  plants 15 

Evaporation  of  MnS04  t^d  roasting  (heat,  labor,  and  supplies) 01.50 

Incidental  handling 25 

Power 30 

Water 10 

General  overhead 20 

Charge  for  SO2 -.-        50 

3.50 

o  This  item  is  high. 
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CAIXTCJIiATED  ESTIMATES  FOB  TYPICAL  ORES. 

The  following  estimates  cover  typical  examples  in  Utah  and 
Arizona.  A  railroad  freight  rate  of  $12  per  long  ton  on  shipment  of 
sinter  to  eastern  points  has  been  assumed. 

EXAMPLE  1. 

Assume  that  a  large  siliceous  ore  body  is  located  10  miles  from 
the  main  line  of  a  railroad.  The  manganese  content  varies  from  15 
to  40  per  cent,  and  the  silica,  30  to  20  per  cent,  the  balance  being 
alumina,  lime,  and  a  little  iron,  with  no  zinc  or  copper.  Average 
manganese  content  of  the  run-of-mine  ore  is  20  per  cent,  and  all  the 
manganese  is  soluble  in  SOj. 

Four  tons  of  ore  wiU  (on  an  80  per  cent  recovery  basis)  produco  1 
short  ton  of  high-grade  sinter  containing  60  per  cent  manganese,  no 
silica,  alumina,  or  phosphorus.  The  price,  according  to  May,  1918, 
schedule  is  $1.30  per  unit  plus  $6.50  silica  premium =$84.50  per  long 
ton,  f.  o.  b.  Chicago,  or  $84.50  — $12  freight  =  $72.50  per  long  ton 
f.  o.  b.  smelters.     The  costs  will  be  as  follows: 

Market  value  of  one  short  ton  shipping  product,  f.  o.  b.  smelters, 

based  on  above  schedule $64. 74 

Cost  of  mining  1  ton  of  ore $2. 00 

Haulage  to  railroad  at  30  cents  per  ton-mile 3. 00 

Loading,  sampling,  switching  and  general  handling 1. 00 

Railroad  freight  to  smelter 2. 50 

SO2  treatment  charge 3. 50 

SO2  plant  extinguishment 2. 00 

Cost  producing  and  treating  1  ton  of  ore 14. 00 

Cost  of  producing  1  short  ton  of  shipping  product 56. 00 

Net  profit  on  4  tons  of  ore 8, 74 

Net  profit  per  ton  of  ore  mined 2. 18 

It  is  assmned  that  the  market  will  hold  for  12  months  after  com- 
pletion of  the  SO2  plant,  or  that  12  months'  production  has  been 
contracted  for,  and  that  the  entire  cost  of  the  plant  (at  war-time  cost 
of  $200,000)  must  be  charged  off  against  100,000  tons  of  ore.  The 
plant-extinguishment  charge  will  therefore,  be  $2  per  ton,  as  given  in 
the  table. 

EXAMPLE  2. 

Assummg  that  the  shippmg  grade  of  the  ore  in  example  1  could 
readily  be  raised  to  25  per  cent  manganese  at  an  additional  mining 
cost  of  50  cents  per  ton  and  to  30  per  cent  manganese  at  an  additional 
cost  of  $1  per  ton,  the  returns  would  be,  respectively,  as  follows: 

Four  tons  of  25  per  cent  ore  will  yield  1.19  long  tons  of  60  per  cent 
manganese  sinter,  having  a  market  value  of  [($84.50  — $12  freight)! 
X  1.19  =  $86.30.  The  profit  under  these  conditions  would  be  [($86.30 
-  ($56 + 2)] -^  4  =  $7.08  per  ton  of  sorted  ore  at  the  mine. 
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Four  tons  of  30  per  cent  ore  will  yield  1.4  long  tons  of  60  per  cent 
manganese  sinter,  having  a  market  value  of  ($84.50  — $12  freight) 
X  1.4  =  $101.50  f.  o.  b.  smelter.  The  profit  would  be  [($101.50- 
($56 +4)] -J- 4  =  $10.37  per  ton  of  sorted  ore  at  the  mine. 

Evidently  both  these  sorted  ores  would  stand  a  larger  haulage 
charge. 

EXAMPLE  3. 

Assume  that  a  manganiferous  lead-silver  ore  has  a  lime-silica 
gangue  with  sufficient  iron  and  lime  to  balance  the  silica  after  removal 
of  the  manganese.  The  manganese  content  is  20  per  cent.  This  has 
a  fluxing  value  of  $1.40.  The  removal  of  the  manganese  effects 
a  shrinkage  of  smelter  tonnage,  which  is  in  turn  offset  by  a  briquet- 
ting  charge  on  the  lixiviation  tailings.  The  lead-silver  contents  are 
asstmied  to  have  a  net  value  of  $4  per  ton  of  original  ore  if  the  man- 
ganese is  removed  and  $6.40  per  ton  of  original  ore  if  smelted  without 
removal  of  manganese. 

Assuming  the  same  general  conditions  and  prices  as  obtained  in 
example  1,  it  is  evident  that  this  would  be  a  highly  profitable  war- 
time operation,  as  the  $4  smelter  return  per  ton  of  original  ore  would 
be  added  to  the  $2.18  profit  on  the  manganese  content  per  ton  of 
ore  mined,  making  a  total  profit  of  $6.18  per  ton  of  ore  mined.  An 
otherwise  xmprofitable  operation  would  thus  be  made  highly  profitable 
and  an  important  source  of  manganese  would  be  developed. 

EXAMPLE  4. 

Assuming  that  under  normal  economic  conditions  there  would  be 
a  ready  eastern  market  for  a  60  per  cent  manganese  sinter  at  75 
cents  per  irnit,  the  value  of  the  manganese  f.  o.  b.  smelter  would 
shrink  to  about  $28  and  the  maximum  return  per  ton  of  original 
ore  would  be  $28 +  $16  =  $44. 

Under  normal  conditions  there  would  be  an  appreciable  sealing 
down  of  operating  costs  and  this  operation  would  show  a  small 
profit  as  follows: 

Market  value  at  smelter  of  the  manganese  and  other  metals  in  four 

tons  of  ore $44. 00 

Mining  per  ton  of  ore $1. 50 

Haulage  to  railroad  at  20  cents  per  ton-mile 2. 00 

Loading,  sampling,  and  general  handling 1. 00 

Railroad  freight  to  smelter 2. 50 

SO2  treatment  charge 3. 00 

SO2  plant  extinguishment  and  interest  on  investment 
(based  on  4  years) 50 

Cost  of  producing  and  treating  1  ton  of  ore 10. 50 

Cost  of  mining  and  treating  4  tons  of  ore  necessary  to  produce  1 
short  ton  60  per  cent  manganese  shipping  product 42. 00 

Profit  on  4  tons  or  ore  at  mine 2. 00 

Profit  on  1  ton  of  ore  at  mine 50 
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A  slight  increase  in  either  the  manganese  content  or  in  the  lead- 
silver  content  on  the  one  hand  or  a  decrease  in  transportation  costs 
on  the  other  hand  would  show  a  satisfactory  balance. 

POSSIBLE  FTTTXTBE   APPLICATIOV   OF   SO,   KETHOD. 

The  war-need  incentive  to  further  investigation  of  this  question 
by  the  Bureau  of  Mines  no  longer  exists.  It  is  probable,  however, 
that  there  are  certain  properties  where  the  foregoing  information 
might  be  profitably  applied,  as  these  figures  offer  some  encourage- 
ment when  considered  in  connection  with  fairly  large  ore  bodies 
which,  in  addition  to  the  manganese,  may  contain  other  valuable 
minerals,  such  as  (a)  1  to  2  per  cent  of  copper  (whether  sulphide 
or  nonsulphide) ;  (h)  sufficient  lead  or  silver,  or  combined  lead  and 
silver  to  leave  a  residue  that  would  pay  to  smelt;  (c)  sufficient  zinc 
to  warrant  separating  the  manganese  and  the  zinc  at  the  initial 
treatment  plant  or  to  warrant  experimentation  along  the  lines  of 
electric  smelting  and  subsequent  recovery  of  the  zinc  from  the  slag. 


CHAPTER  6.— THE  JONES  PROCESS  FOR  CONCENTRATING 
MANGANESE  ORES;  RESULTS  OF  LABORATORY  INVES- 
TIGATIONS.*   

By  Peter  Christianson  and  W.  H.  Hunter. 


IirTRODUCTORY   STATEMEITT. 

During  the  summer  of  1918  a  ** direct-reduction"  process  for  treat- 
ing manganese  ores,  known  as  the  Jones  process  from  the  name  of 
its  inventor,  John  T.  Jones,  was  investigated  at  the  laboratory  of  the 
Minneapolis  experiment  station  of  the  Bureau  of  Mines.  This  work 
was  undertaken  because  the  process  offered  possibilities  for  concen- 
trating the  manganese  in  the  manganiferous  iron  ores  of  the  Guyana 
Range  and  elsewhere. 

The  importance  of  this  work  in  relation  to  war  needs  has  passed, 
but  a  record  of  the  investigation  may  be  of  general  interest  to  the 
industry. 

The  aim  of  the  Jones  process  is  to  effect  by  metallurgical  means 
a  separation  and  consequent  concentration  of  the  manganese  in 
ores  in  which  the  manganese  is  so  intimately  associated  with  the 
iron  that  ordinary  methods  of  gravity  or  magnetic  separation  are 
impracticable. 

The  process  consists  of  two  stages.  In  the  first,  called  the  low- 
temperature  reduction  stage,  two  products  are  made,  namely,  (a) 
metallic  iron,  suitable  for  direct  use  in  the  manufacture  of  steel, 
and  (I)  slag.  Most  of  the  manganese  is  concentrated  in  the  slag. 
Separation  of  these  two  products,  as  outlined  by  the  inventor,  is 
accomplished  by  grinding  the  sinter  and  passing  it  over  a  magnetic 
separation  apparatus,  producing  thereby  a  high-grade  magnetic 
iron  concentrate,  and  a  nonmetallic  manganiferous  sinter.  This 
method  was  used  in  the  preliminary  tests.  In  the  final  test,  however, 
separation  was  accomplished  by  pouring  the  material  under  treat- 
ment in  a  liquid  condition  and  recovering  the  iron  metal  in  the 
form  of  a  button.  This  last  method  of  separation,  developed  at 
the  Minneapolis  station  of  the  bureau,  has  obvious  advantages, 
and  should  the  process  become  a  commercial  success,  would  doubt- 
less be  the  method  used. 

The  second  stage,  which  may  be  called  the  high-temperature  stage, 
involves  smelting  the  manganiferous  slag  or  sinter  derived  from 
the  first  stage,  to  produce  a  manganese  alloy. 

a  Prepared  in  cooperation  with  the  school  of  mines  of  the  University  of  Minnesota. 
IBTSaS'— 20 6  71 
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LOW-TEXPEBATTTBE  BEDUGTIOir. 

PBELIMINABY  TESTS. 
OUTLINE. 

The  ore  used  in  preliminary  tests  was  typical  of  those  locally 
known  as  disseminated  Cuyuna  ores,  containing  approximately  24 
per  cent  iron,  18  per  cent  manganese,  and  26  per  cent  silica.  The 
following  temperatures  were  tried:  1050^  1150'',  1260'',  1300°,  and 
1350°  C. 

The  time  was  varied  from  one-half  hour  to  three  hours. 

The  reducing  agent  used  was  Elkhom  coal,  containing  6.6  per 
cent  ash  and  40.8  per  cent  volatile  matter;  the  amount  was  varied 
from  10  to  50  per  cent  of  the  ore. 

APPARATUS   USED. 

The  apparatus  used    in  the  tests  were  as  follows: 

Dixon  graphite  crucibles,  size  No.  2  for  200  grams  of  ore,  and  otherB  in  proportion 
to  size  of  charge. 

Gas  muffle  furnaces  for  temperatures  of  1050**  and  1150®  C;  oil-fired  muffles  for 
1250**  C;  electric  carbon  resistor  furnace  for  1300**  and  1360**  C. 

Pyrometers:  Hosldns  base-metal  couples  and  Hoekins  meters  for  temperatures  up 
to  and  including  1250**  C. 

Platinum-and-platinum-rhodium  couples  and  Leeds  &  Northrup  potentiometer 
for  temperatures  above  1250**  C. 

Hand-crushing  apparatus,  screens,  hand  magnets,  and  panning  apparatus  for 
separating  magnetic  from  nonmagnetic  material. 

The  temperatures  indicated  are  those  of  the  muffle  outside  the 
crucibles.  The  temperatures  of  the  charges  within  the  crucibles 
were  probably  nearly  the  same,  except  as  regards  those  charges 
heated  only  30  minutes.  Temperatures  of  heats  above  1250°  C. 
were  taken  within  the  charge.  Readings  were  generally  taken 
every  five  minutes. 

PROCEDURE. 
CHABGINa  AND  EEATUfG. 

When  muffle  furnaces  were  used  the  ore  and  the  reducing  agent, 
crushed  to  pass  10  mesh,  were  mixed  and  charged  into  cold  cruci- 
bles; these  were  placed  in  the  muffle  heated  to  nearly  the  desired 
temperature.  When  crucible  furnaces  were  used  the  charge  was 
put  into  crucibles  heated  to  nearly  the  desired  temperature.  By 
using  the  muffle  furnaces  a  number  of  crucibles  could  simultane- 
ously be  subjected  to  practically  the  same  temperatures,  thus  keep- 
ing this  variable  constant;  and  a  variation  in  time  could  be  obtained 
by  removing  the  crucibles  at  the  end  of  diflferent  periods  of  time. 

DIBCHABGnro. 

At  the  end  of  the  reduction  period  the  contents  of  the  crucibles 
were  discharged  into  cast-iron  molds,  so  as  to  effect  a  rapid  cooling. 
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After  cooling,  the  content  of  each  emciUe  was  gen^aHy  separated 
into   the  following: 

1.  Metal  +  30  mesh  t 

2.  Metal-SOmeshr^S^^P^- 

3.  Slag  1 

py^  |noninagnetic  part. 

This  separation  was  effected  by  a  series  of  cmshings,  screenings, 
and  magnetic  separations,  frequently  supplemented  by  panning. 
Each  of  these  parts,  if  panned,  was  weighed  and  sampled  for  analysis. 

AITALTSSS. 

The  determinations  generally  made  were:  Per  cent  s(duble  iron; 
per  c^it  total  iron;  per  cent  soluble  manganese;  per  cent  total 
manganese;  per  cent  insoluble. 

CALCULATIONS. 

The  results  obtained  from  the  analyses,  together  with  the  weights 
of  the  various  parts,  were  combined  by  calculations  to  obtain  the 
metal  content  and  percentages  of  iron  and  manganese  recovered  in 
each  of  total  magnetic  and  nonmagnetic  parts. 

The  following  formulas  were  used  in  calculations: 

Formuki9  used  in  cakulalinff  recoveries, 

^ftzatntage  Bztractloii. 

For  Tnagneiic  pari, 

OsBBsFe. 

Grams  of  magnetic  part-|-30X  per  cent  Fe  content= 

Grams  of  magnetic  part— SOXper  Cent  Fe  content= 

Sum=total  grams  Fe  in  magnetic  part= 

Grams  Fe  in  magnetic  partXlOO_  .  extraction  of  Fe 

Grams  Fe  in  charge  ^ 

For  nomnagnetic  p€rrt. 

Grams  Fe. 

Grams  of  slagXper  cent  of  Fe  COTitent= 

Grams  of  carbonXper  cent  of  Fe  content= 

Sum =total  grams  Fe  in  nonmagnetic  part= 

Grams  Fe  in  nonmagnetic  part     p^^       ^^^^  extraction  Fe. 
Grams  Fe  m  charge  '^ 

Becovery  Pat  100  TTnits  of  Ore. 

Per  cent  Fe  or  Mn  in  ore X per  cent  extraction^ Recovery  per  100  units  of  ore. 

Per  Cent  BolnMe  Xton  ta  Concentrates. 


Grams  solu- 
ble Fe. 


Per  cent  soluble  FeXgrams  of  magnetic  part+30= 

Per  cent  soluble  FeXgrams  magnetic  part— 30= 

Sum = Total  grams  soluble  Fein  magnetic  part= 

7= p^^°^^      -r==per  cent  soluble  Fe  in  magnetic  part. 

Grams  of  magnetic  part    "^ 


74        THE  JONES  PROCESS  FOB  CONCENTRATING  MANGANESE  ORBS. 


'  Per  Cent  Solitbl«  Xrom  In  Stftnbto  Pnrt  of  Vmcnetlo  Part«  G  rams  solu- 

ble  matter. 

Per  cent  soluble  matterXmagnetic+30s= 

Per  cent  soluble  matterXmagnetic— 30== 

Sum=Totai  grams  soluble  matter  in  magnetic  part= 

Total  grams  soluble  Fe  in  magnetic  part^  100=i)er  cent  soluble  Fe  in  soluble  part  of 
Grams  soluble  matter  in  magnetic  put  magnetic  part. 

Results  obtained  in  the  tests  are  given  in  Table  11. 

Table  11. — RetulU  of  prelimmary  kyuhtemperatvre  redwiion  iesU  wiCk  (Ae  J<miu  process. 

Besulib  with  Yabying  Temfebaturbs. 

(a)  DATA. 


Test  No 

Temperature,  *C 

Ore.gram8. , 

Cool,  grams 

Time,  minutes.. 


16-D. 

17-D. 

85-D. 

81. 

1,060 

1,150 

1,860 

1,300 

863 

863 

160 

363 

01 

91 

40 

01 

120 

lao 

lao 

120 

S3. 


1. 


•1 

130 


(6)  EXTRACTION. 


Temper- 
ature *C. 


1,050 
1,050 
1,150 
1,150 
al,250 
al,250 
1,300 
1,30C 
1,350 
1,350 


Product. 


Iron. 


Weight, 
grams. 


Ore 

Magnetic  part 

Nonmi^etic  part 
Magnetic  part . . . 
Nonmagnetic  part 
Magnetic  part . . . 
Nonmagnetic  part 
Magnetic  part  . . . 
Nonmagnetic  part 
Magnetic  part  . . . 
Nonmagnetic  part 


363.0 

233.5 

84.6 

131.4 

189.4 

40.5 

85.3 

94.8 

209.0 

96.6 

202.2 


Total, 
peroent. 


Recov- 
ery, per 
cent. 


Manganese. 


Reoovtfw 


Total,    , 
peroent.  |  •^|f' 


18.13 

19.8 

19.3 

15.0 

30.9 

3.2 
38.9 

7.0 
26.2 

9.4 
23.7 


70.5 
34.8 
30.0 
flO.2 
4.5 
84.8 
10.0 
83.0 
14.  S 
73.a 


a  In  test  35-D,  160  grams  of  ore  was  used, 
(c)  RECOVERY. 


Test  No. 


Variable 
tempera- 
ture, •€. 


Iron. 


Manganese. 


16-D 
17-D 
3^D 
31... 
32... 


1,050 
1,150 
1,250 
1,300 
1,350 


Grams 

in  100 

grams  of 

ore. 


24.36 
24.36 
24.36 
24.36 
24.36 


Recovery. 


Percent. 


84.7 
86.9 
93.9 
93.5 
91.0 


Grams. 


Grams. 

in  100 

grams  of 

ore. 


Recovery. 


Per  cent.    Grams. 


20.5 

18.12 

1 
70.5  , 

12.60 

21.1 

18.12 

30.0  : 

5.44 

22.7 

18.12 

4.5 

0.80 

22.6 

18.12 

5.7 

1.08 

22.0 

18.12 

14.3 

1 

2.00 

Results  with  Variation  op  Time,  at  1,150®  C, 

(o)  data. 


Test  No. 


Time,  minutes... 

Ore.  grams 

Coal,  grams 

Temperature,  'C. 


17-A. 


30 

363 

91 

1,150 


17-B. 


60 

363 

91 

1,150 


17-C. 


90 

363 

91 

1,150 


17-D. 


120 

863 

91 

1,150 


17-E. 


150 
363 

91 
1,150 
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Results  with  Variation  on  Time,  at  1,150®  C. — Contiiiued. 

(6)  EXTRACTION. 


Hinutes. 


30 

30 

60 

60 

90 

90 

120 

120 

ISO 

150 


Product. 


Ore 

Magnetic  part . . . 
Nonmafnetic  part 
Magnetic  part . . . 
Nonmagnetic  part 
Magnetic  part . . . 
Nonmagnetic  part 
Magnetic  part .... 
Nonmagnetic  part 
Magnetic  part ... 
Nonmagnetic  part 


Iron. 

Weight, 

grams. 

Total, 

Recovery, 

percent. 

percent. 

363.0 
156.0 

24.36 
,   38.7 

68.4 

163.0 

10.0 

18.6 

204.4 

88.4 

89.0 

125.5 

7.1 

10.1 

166.0 

44.8 

84.3 

154.2 

8.4 

14.6 

131.4 

58.5 

86.9 

189.4 

8.18 

17.5 

122.7 

67.0 

79.3 

178.5 

8.1 

16.4 

Manganese. 


Total, 
per  cent. 


18.12 

15.8 

18.8 

17.7 

21.3 

18.7 

22.7 

15.0 

20.9 

13.6 

22.1 


RecoTery, 
percent. 


87.5 
34.8 
55.5 
40.6 
47.0 
63.3 

sac 

60.2 
26.2 
59.0 


(c)  RECOVERY. 


Test  No. 


17-A 
17-B 
17-C. 
17-D 
17-E 


Variable, 
minutes. 


30 

60 

90 

120 

150 


Iron. 


Grams 

per  100 

grams  of 

ore. 


24.36 
24.36 
24.36 
24.36 
24.36 


Recovery. 


Percent. 


68.4 
89.0 
84.3 
86.0 
79.3 


Grams. 


16.6 
21.7 
20.5 
21.2 
19.1 


Manganese. 


Grams 

per  100 

grams  of 

ore. 


18.12 
18.12 
18.12 
18.12 
1&12 


Recovery. 


Percent. 


37.5 
55.5 
47.0 
80.0 
25.2 


Grams. 


6.8 
10.1 
8.5 
5.4 
4.6 


(d)  SOLUBLE  IRON  IN  MAGNETIC  PART. 


Minutes. 

Product. 

Weight, 
grams. 

Total, 

Percent- 
age of 

soluble 
iron 

Grams 

of 

soluble 

iron. 

Total 

grams  of 

soluble 

iron. 

Percent- 
acre  of 

soluble 
iron. 

.»^» 

Magnetic  part /^gQ 

Magnetic  part {t^ 

MagneUcpart {i|g 

MagneUcpart j+Jg 

8knll 

Powder 

30 

60 

90 

120 

UO 

131.5 
72.9 

135.1 
30.9 

84.15 
47.2 

50.9 
71.8 

}  »*H 

}     166.0{ 
}     131. 4| 
}      122. 7{ 

46.0 
22.9 

47.8 
25.4 

62.8 
83.0 

44.0 
61.6 

60.5 
16.7 

64.7 
7.9 

52.8 
15.6 

22.4 
44.2 

1       77.2 
}       72.6 
}       68.4 
1       66.6 

37.7 
43.6 
52.0 
54.4 

(«)  SOLUBLE  IRON  IN  SOLUBLE  PART  OF  MAGNETIC  PART. 

Xlnates. 

Prodoct. 

Weight, 
grams. 

Total 
grams. 

Percent- 

aeeof 

soluble 

matter. 

Grams 

of 
soluble 
matter. 

Total 
grams 

of 
soluble 
matter. 

Total 
grams 

of 

soluble 

iron. 

Percent- 
age of 
soluble 
iron  in 
soluble 
matter. 

AA 

Magnetic  part {t^ 

ICagneticpart ^^ 

MagneUcpart {j;^ 

Magnetic  part {ifj 

SkuU 

Powder 

30 

..      1    - 

eo 

00 

120 

150 

131.5 
72.9 

135.1 
30.9 

84.15 
47.2 

50.9 
7L8 

}  »*•<{ 

}    166.0/ 

}  m.*{ 

}    122. 7{ 

75.5 
62.2 

73.0 
59.3 

81.7 
64.2 

67.2 
79.2 

98.8 
45.6 

98.8 
18.6 

68.8 
30.3 

34.2 

56.8 

}    144.4 
}    117.4 
1      99.1 
1      91.0 

77.2 
72.6 
68.4 
66.6 

53.4 
61.5 
69.7 
73.4 
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Results  with  Va^riation  op  Timb,  at  1,250**  C, 

(o)  DATA. 


Test  No 

Time,  mimites... 

Ore.  grams 

Coal,  grams 

Temperature,  *C 


35-A. 

35-B. 

3d— C>. 

35-D. 

30 

60 

90 

120 

160 

160 

160 

160 

40 

40 

40 

40 

1250 

1250 

1250 

1250 

35-E. 


150 

160 

40 

1250 


(*)  EXTRACTION. 


Minutes. 


30. 
80. 

60. 

60. 

90. 
90. 

120 

120 

150 
150 


Product. 


Ore 

Magnetic  part . . . . 
Nonmagnetic  part 

Magnetic  part . . . . 
Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetio  part 

Magnetic  part . . . . 
Nonmagnetic  part 


Weight, 
grams. 


160.0 

67.4 
78.7 

44.0 
92.0 

89.7 
93.8 

40.5 
85.3 

42.7 
81.7 


Iron. 


Total 
per  cent. 


24.36 
38.26 

las 

79.2 
3.3 

88.0 
4.9 

90.6 
2.0 

91.0 
1.6 


Recovery 
per  cent. 


66.2 
21.8 

89.2 
7.7 

9a4 

11.8 

93.9 
4.4 

98.5 
8.8 


Manganese. 


Total 
per  cent. 


18.12 

16.7 
aOL5 

4.8 
27.4 

4.3 
26.3 

8.2 
28.9 

4.0 
29.0 


Recovery 
percent. 


88.« 
5&5 

7.S 
86.9 

&9 
^2 

4.5 

84.8 

5.9 

81.7 


(e)  RECOVERY. 


Iron. 

Manganese. 

Variable,  minutes. 

Orams. 
per  100 
grams 
of  ore. 

Recovery. 

Grams. 
per  100 
grams 
of  ore. 

Recovery. 

Percent. 

Orams. 

Percent. 

Grams. 

30 

24.38 
24.36 
24.36 
24.36 
24.36 

66.2 
80.2 
90.4 
93.9 
99.5 

16.1 
21.7 
22.0 
22.8 
24.2 

1&12 
18.12 
18.12 
18.12 
18.12 

3&6 
7.3 
6.9 
4.5 
&9 

7.1 

60 

l.S 

90 

1.1 

120 

160 

as 

id)  SOLUBLE  IRON  IN  MAGNETIC  PART. 


Minutes. 


80. 

60.. 

90. 

120. 
160. 


Products. 


Magnetic  part |i|§ 

MagneUcpart |+^ 

Magnetic  part /^Sq 

Magnetic  part /^U 

Bkull 

Powder 


Weight, 
grams. 


34.8 
9.7 

88.7 
6.0 

86.4 
4.1 

89.1 
8.6 


Total, 
grems. 


} 

} 
} 
} 


44. 0| 
80L7| 
4a  5| 
47. 7{ 


Percent- 
age of 
soluble 
iron. 


8L0 
71.8 

9a8 
77.0 

92.8 
71.96 

9L5 
7L75 


Gnmaof 


Total 


^^Xwa     grams  of 

^inn®     soluble 

^^^'         iron. 


27.8 
7.0 

sao 

4.0 

88.6 
8.0 

35.8 
2.6 


Percent- 
age of 

soluble 
iron. 


84.8 

79.0 

85.2 

88.0 

86.6 

9a8 

38.4 

9.00 
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Resxtlts  with  Variation  of  Time,  at  1,250**  C. — Contdnucd. 

(«)  SOLUBLE  IBON  IN  SOLUBLE  PART  OP  BfAONETIC  PABT. 


lOnntes. 

Product. 

Weight, 
grams. 

Total, 
grams. 

Peroent- 

aeeof 

soluble 

matter. 

Grams 
of  sol- 
uble 
matter. 

Total 
grams  of 
soluble 
matter. 

Total 
grams  of 
soluble 

iron. 

Percent- 
soluble 
iron  in 
soluble 
matter. 

80 

Magnetic  part/"*"29 

} 

1      44.0 
}      89.7 
}     40.5 
}      42.7 

/ 

«r.  _..Ata     —.^f-^SO    ......... 

31.3 
9.7 

83.7 
6.0 

86.4 
4.1 

89.1 

8.6 

I 

/  90.0 
\      88.0 

/  98.2 
\      90.0 

/  100.0 
\      87.8 

/  99.6 
\      87.7 

30.9 
8.5 

88.1 

6.4 

36.4 
8.6 

89.0 
8.2 

\     89.4 
}      88.5 
}      40.0 
\     42.2 

84.8 
85.2 
86.6 
88.4 

60 

ICagBBtlc  part{33o 

88.5 

1      •"*   ••••••••- 

90 

Magnetic  part^^ao 

91.6 

«  A#\ 

Afl     A 

120 

Magnetic  part<^«Q 

91.3 

150 

Magnetic  part<  j_-q 

91.0 

Results  With  Variation  of  Amount  of  Reducing  Agents. 

(0)  data. 


Test  No 

Coal,  grams 

Ore,  grams 

Temperature,  *C 

Magnetic  part,  grams 

Nonmagnetic  part,  grams 


34-A. 

34-B. 

34-C. 

20 

40 

60 

200 

200 

200 

1,250 

1.250 

1,250 

64.6 

53.5 

ki 

94.2 

109.7 

m.6 

84-D. 


80 

20O 

1.250 

52.7 

127.6 


(*)  EXTRAC5TION. 


Coal, 

percent 

of  ore. 


10 
10 
20 
20 
80 
30 
40 
40 


Product. 


Ore 

Magnetic  part 

Nonmagnetic  part 

Magnetic  pBrt 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 

Magnetic  part 

Nonmagnetic  part 


Weight, 

Iron. 

gjrams. 

Total, 

Recovery, 

percent. 

percent. 

200.0 
64.6 

24.36 
68.3 

90.5 

94.2 

6.1 

11.7 

63.5 

90.0 

98.8 

109.7 

3.6 

7.4 

50.1 

89.9 

92.5 

121.0 

4.1 

10.2 

52.7 

70.5 

76.2 

127.6 

10.7 

27.9 

Manganese. 


Total, 
per  cent. 


Recovery, 
per  cent. 


18.12 

10.7 

19.0 

27.4 

71.3 

4.7 

13.0 

28.3 

85.8 

4.8 

6.5 

26.0 

87.2 

18.5 

19.0 

21.1 

74.3 

(c)  RECOVERY. 


Xfon. 

Manganese. 

Coal,  percentage  (by  weight)  of  ore. 

Pounds 

per  100 

pounds 

of  ore. 

Recovery. 

Pounds 
per  100 
pounds 
of  ore. 

Recovery. 

« 

Per  cent. 

Pounds. 

Per  cent. 

Pounds. 

10 

24.36 
24.36 
24.36 
34.36 

90.5 
98.8 
92.5 
76.2 

22.0 
24.0 
22.5 

18.5 

18.12 
18.12 
18.12 
18.12 

19.0 
7.2 
6.5 

19.6 

3.5 

20 

1.3 

30 

1.3 

40 

8.6 

1 

The  foregoing  results  have  been  plotted  in  figures  2  to  9. 
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KiouHE  «.— CuTTca  showing  pencntages  of  Inm  sn 
Id  magnetic  part  In  beat  34  at  1,250°  C.  »iid  with  yai^-lng  n 
dudng  Bgenl. 


rioijBE7.— CuncsshonlngpcrccnO^raoflronand  ol 
in  maEHcUc  put  Id  beats  IS,  IT,  31,  32,  and  3S  with  vaiylng 
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CONCLUSIONS. 

Figures  2  to  9  indicate  that  the  following  are  the  requisite  con- 
ditions for  the  low- temperature  reduction  of  the  iron: 

(a)  Time,  preferably  30  to  40  minutes,  although  satisfactory 
residts  were  obtained  up  to  2  hours. 

(ft)  Temperature,  1,250"*  C. 

(c)  Reducing  agent,  20  per  cent  coal. 

Analyses  of  ores  used  in  fined  tests  with  lovhtempenture  reditetion. 


Ore. 

Fe. 

Kn. 

«(H. 

P. 

West  End 

Percent. 
24.36 
2&55 
35.15 
4a  30 
35.40 

Percent 
1&13 
94.55 
13.66 
13.06 
ia25 

Percent. 
26.50 
17.00 
0.46 
10.06 
21.36 

Percent 

aoo7 

Ferro...... 

.091 

1019  E 

.179 

1010  Cts 

.107 

381  Cts 

.050 

Two  kilograms  of  each  ore,  crushed  to  10  mesh  and  mixed  with  20 
per  cent  reducing  agent,  was  chaiged  into  a  large  graphite  crucible 
heated  to  redness. 

The  temperature  was  raised  to  1,250°  C.  and  kept  as  closely  as  pos- 
sible between  1,250®  and  1,275®  C.  imtil  reaction  was  complete. 

The  time  was  varied  to  some  extent  according  to  the  appearance 
of  the  charge,  with  a  maximum  time  of  two  and  one-half  hours, 
except  in  heat  43. 

The  reducing  agent  used  was  Elkhom  coal  like  that  used  in  the 
preliminary  tests,  except  that  in  heat  41  coke  was  used. 

The  furnace  used  was  a  Case  oil-fired  melting  furnace  No.  40. 

The  method  of  handling  the  furnace  products  was  practically  the 
same  as  in  the  preliminary  tests.  However,  the  entire  contents  of 
the  crucible  were  poured  in  a  Uquid  condition,  and  most  of  the  metal 
produced  was  recovered  in  the  form  of  a  large  button. 

TABULATED  BESULTS. 

Detailed  results  of  the  testa  are  presented  in  Table  12  following: 
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DISCUSSION. 

The  foregoing  tabulation  is  self-explanatory.  The  results  were 
obtained  practically  under  the  conditions  indicated  under  prelimi- 
nary tests.  However,  the  appearance  of  the  charge,  and  in  par- 
ticular the  condition  of  the  slag  and  metal,  were  also  used  to  determine 
the  end  of  the  reaction. 

PR0DT7CTS. 

On  averaging  all  the  results  93.5  per  cent  of  the  iron  and  2.0  per 
cent  of  the  manganese  contained  in  the  ore  were  reduced  and  entered 
the  metal,  while  4.3  per  cent  of  the  iron  and  90.3  per  cent  of  the 
manganese  remained  in  the  slag.  The  composition  of  the  metal 
obtained  in  all  the  tests  varied  as  follows : 

Iron,  per  cent,  89.9  to  96.3;  average,  94.2. 

Manganese,  <»  per  cent,  0.28  to  3.9;  average,  1.0. 

Phosphorus,  per  cent,  0.1842  to  0.50,  or  88.0  per  cent  of  that  con- 
tained in  the  ore. 

Sulphur,  per  cent,  0.003  to  0.097,  or  about  10  per  cent  of  that 
contained  in  the  charge. 

ORES. 

All  the  ores  tested  were  of  the  intimately  disseminated  Cuyuna 
manganiferous  type  and  represent  a  wide  range  of  iron  and  manga- 
nese content.  All  were  crushed  to  pass  a  10-mesh  screen,  except 
that  used  in  tests  45  and  46,  which  was  crushed  to  8-mesh.  It  is 
probable  that  if  coarser  material  were  used  the  time  necessary  to 
complete  the  reaction  would  increase.  The  uniform  results  obtained 
in  testing  such  a  variety  of  ores  would  tend  to  show  that  this  low- 
temperature  reduction  is  applicable  to  a  much  greater  variety  of 

ores. 

THIS. 

A  considerable  range  of  time  at  which  the  charge  was  kept  at  a 
temperature  between  1,250°  and  1,300°  C.  was  used.  From  the  data 
thus  obtained  it  is  apparent  that,  under  the  conditions  given,  the 
best  results  are  obtained  when  the  charge  is  kept  at  this  temperature 
for  30  to  40  minutes. 

REDTrCIKG  AOEKT. 

Elkhorn  coal  crushed  to  10  mesh  was  used  in  all  tests,  except  No. 
41,  in  which  foundry  coke,  crushed  to  the  same  mesh,  was  used. 
The  Elkhorn  coal  analyzed  6.66  per  cent  ash,  40.98  per  cent  volatile 
matter,  and  0.645  per  cent  sulphur.  The  coke  analyzed  13.9  per 
cent  ash,  3.33  per  cent  volatile  matter,  and  1  per  cent  sulphur. 

No  difference  was  noticed  in  the  reaction  when  coke  was  used, 
except  that  the  slag  fused  at  a  lower  temperature.     This  was  probably 

a  Dlscardiivr  the  manganese  content  of  metal  obtained  In  tests  36  and  37,  the  reactions  of  which 
not  completed,  the  average  manganese  content  of  the  metal  would  he  reduced  to  0.60  per  oent. 
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due  to  the  larger  percentage  of  ash  in  the  coke.  The  use  of  coke 
also  tends  to  increase  the  sulphur  in  the  metal.  The  proportion 
required  did  not  seem  to  vary  with  the  character  of  the  ore. 


The  addition  of  lime  in  test  46  did  not  materially  change  the 
results.  Its  use  as  a  flux  would  probably  be  necessary  to  obtain  a 
high  recovery  of  iron  from  ores  containing  small  amounts  of  man- 
ganese and  large  percentages  of  silica.  The  lime  used  was  of  the 
commercial  air-slaked  type. 

FINAL  TESTS. 
OUTLINE. 

In  the  final  tests  with  low-temperature  reduction,  ores  of  the  fol- 
lowing analyses  were  used : 

HiaH-T£MP£BATXTB£   BEDUCTIOir   TESTS. 

GENEBAIi  OX7TLINE. 

The  slag  obtained  by  the  process  of  low-temperature  reduction 
was  crushed  to  pass  a  30-mesh  screen,  mixed  with  25  per  cent  coke 
crushed  to  pass  a  10-mesh  screen,  and  charged  into  a  carbon  crucible 
which  was  heated  in  an  ordinary  electric  carbon  resistor  furnace. 

CHARGE. 

An  analysis  of  the  slag  used  for  the  charge  was:  Iron,  4.9  per  cent; 
manganese,  28.68  per  cent;  SiO,,  31.1  per  cent;  AljOg,  not  deter- 
mined. An  analysis  of  the  coke  used  as  a  reducing  agent  is  given 
above.  Slag,  coke,  and  lime  were  mixed  before  putting  the  charge 
into  the  crucible.  The  only  variable  used  in  these  tests  was  lime. 
This  was  air-slaked  material  similar  to  that  used  in  the  low-tempera* 
ture  final  tests. 

PYROMETER. 

The  temperature  was  measured  by  means  of  a  Scimatco  pyrometer. 
This  instrument,  though  not  very  satisfactory,  was  the  best  available. 
It  was  first  calibrated  against  a  Hoskins  thermocouple,  having  a 
temperature  capacity  up  to  1,100°  C.  With  great  care  in  observing 
by  keeping  the  comparison  lamp  at  a  constant  amperage  fairly 
concordant  results  were  obtained.  The  temperature  measured  was 
that  of  the  siirface  of  the  charge  only,  but  when  a  charge  is  in  constant 
agitation,  owing  to  the  carbon  monoxide  produced  by  the  reaction,  it 
is  assumed  that  the  surface  temperature  serves  as  a  fair  indication  of 
the  temperature  of  the  crucible  contents. 

137338''— 20 7 


S8        THE  JOmBS  f»0CBS6  FOft  GOi^CSKTBAaSHG  ICANGANESE  ORES. 

CBUCIBLfiS. 

A  number  of  standard  crucibles  were  tried,  as  follows:  Ordinary 
assay  crucible,  graphite  crucible,  and  alundum  crucible.  None  of 
these  could  withstand  the  conditions.  The  crucibles  finally  used 
were  cut  on  a  lathe  from  4-inch  carbon  electrodes.  With  care  they 
would  hold  200  grams  of  crushed  slag  mixed  with  the  requisite  coke 
and  lime.  These  crucibles  suffered  deterioration  only  from  oxida- 
tion at  the  upper  edge  and  could  be  used  imtil  they  became  too 
shallow  to  hold  the  charge. 

TEMFERATUBE. 

The  temperature  at  which  a  satisfactory  reaction  took  place  was 
found  to  be  about  1,450®  C.  This  satisfactory  reaction  may  be 
designated  as  uniform  and  rapid.  Above  1,450®  C.  the  reaction 
was  so  rapid  that  it  caused  violent  boiling,  and  below  this  tempera- 
ture the  reaction  was  so  slow  and  inactive  that  no  appreciable  metal 
was  reduced.  Hence,  the  condition  of  the  reaction  was  used  as  a 
criterion  for  temperature  regulation. 

TABXTIiATEB  KSSUXTS. 

The  detailed  results  of  the  high-temperature  reduction  tests  are 
presented  in  the  tabulation  following: 

Table  13. — Results  of  highrtemperature  reduction  tests. 


Test  No. 


Charge. 
Weight: 

Slag grams. 

Coke do... 

Uxne do... 

Analysis: 

Fe percent. 

Mn do... 

SiOs do... 

AUoy  produced. 

Weight grams. 

Percentage  of  stag  charged 

Analysis: 

re percent. 

Mn. do... 

a do... 

Reoovery,  per  cent  of  content  of  slag  charged: 

Fe 

Mn 

8i 


54 


Stag  prpductd. 


Wdght 

Percentage  of  slag  charged, 
▲na^is: 


.grams. 


SiOa. 


.percent. 
— .do... 
—  .do... 


200 
SO 
40 

4.9 
38.68 
31.10 


66.0 
83.0 

16.8 
66.9 
10.7 

*  112.0 
77.2 
34.1 


134. 0 
67.0 

1.26 

6.15 

36.25 


S6 


200 
50 
30 


raj 
fai 


66.3 
83.15 

U.40 

65.00 
13,77 

M02.6 
75.4 
31.4 


108.7 
54.4 

1.94 
4.25 

34.85 


56 


200 
50 
20 


66.7 
33.35 

16.40 

6.43 

13.56 

fr  106.0 
74.8 
31.0 


113.8 
56.15 

2.15 
7.00 

37.80 


57 


200 
50 
30 


76.4 
37.7 

12.5 
63.4 
23.6 

*07.0 
83.2 
62.0 


83,3 
36.0 

1.37 

4.70 

88.10 


58 


200 
50 

00 


81.5 
40.75 

12.0 
88.4 

25.0 

ft  100.0 
84.0 
70.5 


82.9 
41.45 

1.30 
5.44 

80.60 


a  See  test  54  for  analysis. 

b  liecoveries  are  calculated  on  content  of  slag  charged.    Discrepancy  shown  by  getting  more  than  100 
per  cent  recovery  is  due  to  fact  that  coke  contains  iron  as  part  of  the  ash. 
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DiscxrssioN. 

OSHTEBAI- 

Ooke  was  used  as  a  reducing  agent  because  it  was  thought  to  be 
the  best  commerdal  source  of  carbon  suitable  for  this  high-tempera- 
ture reduction.  It  was  mixed  well  with  the  rest  of  the  charge  and 
seemed  to  remain  more  or  less  disseminated  through  the  charge  after 
the  slag  portion  of  the  charge  had  melted.  The  amoxmt  used  in  the 
tests  does  not  indicate  the  proportions  required  on  a  commercial 
scale  where  no  other  source  of  carbon  would  be  present,  because 
with  the  use  of  carbon  crucibles  there  was  always  an  excess  of  carbon 
present  from  this  source. 

lime  was  added  to  the  charge  to  render  the  resulting  slag  suffi- 
ciently liquid  to  pour.  The  amount  added  was  varied  for  the  pur- 
pose of  controlling  the  reduction  of  silicon.  However,  the  effect  of 
lime  in  this  respect  can  not  be  considered  very  definite,  although  the 
tendency  is  to  decrease  the  silicon  in  the  alloy  as  the  lime  is  increased 
in  the  charge. 

The  data  obtained  indicate  that  the  reduction  of  silica  to  metallic 
silicon  increases  as  the  temperature  is  increased  and  is  a  function 
both  of  the  temperature  and  of  the  lime  added.  Possibly,  if  the  lime 
were  incorporated  in  the  slag  portion  of  the  charge,  its  effect  would 
be  more  pronounced. 

ALLOY. 

The  metal  produced  is  essentially  a  silico-f«To-manganese,  con- 
sisting of  about  15  per  cent  iron,  60  to  67  per  cent  manganese,  and 
10  to  25  per  cent  silicon.  The  percentage  of  silicon  increases  with 
the  temperature  of  the  reaction;  and  as  the  silicon  increases  the  per- 
centage of  manganese  in  the  alloy  will  correspondingly  decrease. 

BECOVERT. 

The  excess  of  iron  recovered,  together  with  some  iron  remaining  in 
the  resiQting  slag,  is  explained  by  sources  of  iron  being  present  in  the 
charge,  which  were  not  taken  into  accoxmt  in  making  the  calcula- 
tions. The  recovery  is  based  cm  the  slag  portion  of  the  charge  only. 
Under  the  given  conditions,  the  manganese  remaining  in  the  resulting 
slag  was  not  less  than  about  5  per  cent.  It  is,  therefore,  evident 
that  as  the  slag  volimie  is  decreased  the  recovery  of  manganese  is 
increased.  This  is  shown  in  experiments  Nos.  57  and  58.  The  re- 
covery of  manganese,  as  given  in  the  tabulated  results,  varied  from 
75  to  84  per  cent,  and  averaged  79  per  cent. 
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SLAG. 

As  the  iron  and  manganese  is  reduced  from  the  charge,  the  fusi- 
bility of  the  slag  decreases  and  its  viscosity  increases  as  a  result  of 
the  increase  in  unbalanced  silica.  The  presence  of  lime  in  the  charges 
is  advantageous,  increasing  the  fusibiUty  of  the  slag,  and  decreasing 
its  viscosity,  so  that  it  may  be  handled  in  a  liquid  condition. 

SIJHHABT. 

The  essential  results  contained  in  the  foregoing  report  may  be  summarized  in  semi- 
tabular  form  as  follows: 

Summary  of  results  of  experiments  w^ith  the  Jones  process, 

LOW-TEMPERATURE  REDUCTION,  1,250*  TO  1.300*  O. 

Charge: 

Reducing  agent,  20  per  cent  of  a  good  grade  of  coal. 
Ore: 

Fe,       per  cent ^ 24. 0  to  40. 0 

Mn,      per  cent 10. 0  to  24. 0 

SiOj,  per  cent 10. 0  to  26. 0 

AI2O3,  per  cent Not  determined. 

Products: 

Approximate  composition.  Recovery, 

percent.  percent. 
Liquid  metal: 

Fe,      94. 00  94. 00 

Mn,      1.00  2.0 

Si,  .  10  (maximum)  

F,  .  50  (maximum)  88. 0   (average) 

Liquid  slag: 

Fe,       5. 00  6. 0 

Mn,    29.00  90.0 

SiOj,  31.00  

Loss Manganese  8. 0 

HIGH-TSKPEBATUSS  BBDUOTIOIT,  1,450*  C. 

Charge: 

Liquid  slag  from  low-temperature  reduction. 

Coke,  25  per  cent  of  slag. 

Products: 

Approximate  composition,  Reoovery, 

per  cent.  per  cent. 

Liquid  metal: 

Fe....l5  100.0 

Mn....55to65  80.0 

Si 10to25  

Liquid  slag: 

Fe....  1.0  to   2.0 

Mn 4.0  to    6.0 

SiOa...30.0to40.0 


SUMMABT.  01 

coNCLiJSioirs. 

The  foregoing  results  seem  to  indicate  that  by  the  Jones  process 
concentration  of  manganese  in  the  finely  disseminated  manganif  erous 
iron  ores  is  metallurgically  possible.  A  discussion  of  the  commercial 
possibilities  of  the  process  will  not  be  attempted. 

The  metal  produced  in  the  low-temperature  reduction  is  suitable 
for  conversion  into  steel  by  any  basic  steel  process.  It  could  not  be 
used  as  a  foundry  metal.  Whether  the  low-temperature  reduction 
could  be  modified  to  yield  a  foundry  metal  would  require  further 
experiments.  By  a  suitable  regulation  of  temperature  and  by  the 
use  of  iron  ore  in  the  place  of  manganif  erous  ores,  it  is  possible  that 
a  foimdry  metal  could  be  produced. 

The  high-temperature  reduction  produces  an  alloy  that  may  be 
termed  a  silico-ferromanganese.  Although  an  alloy  of  this  nature 
would  be  new  to  the  steel  industry,  it  could  probably  be  used  to  ad- 
vantage. About  72  per  cent  of  the  manganese  in  the  ore  appears  in 
the  alloy. 


CHAPTER  7.-OOST  OF  PEODUCING  FERRO-GEADE  MAN- 
GANESE ORES. 


By  C.  M.  Weld  and  W.  R.  Ceank. 


nrTBODITGTOST   STATEMENT. 

In  collecting  aiid  disseminating  information  on  methods  of  mining 
and  preparing  domestic  manganese  ores,  earefnl  consideration  was 
giv«i  by  the  bureau  to  the  important  matter  of  costs.  Unfortu- 
nately few  operators  kept  systematic  cost  sheets,  hence  the  data 
collected  are  incomplete  and  imsatisfactory,  particularly  for  an 
industry  having  so  little  uniformity.  Domestic  manganese  deposits, 
especially  deposits  of  ferro-grade  ores  (35+  per  cent  metallic  man- 
ganese), vary  widely,  not  only  in  the  character  of  the  ore,  but  also 
in  the  conditions  of  occurrence.  Costs  must  therefore  be  expected 
to  vary  correspondingly,  even  when  cost-keeping  methods  are  uni- 
form. But  when  the  methods  are  as  variable  as  the  costs,  compu- 
tation becomes  still  more  difficult. 

It  has,  nevertheless,  been  possible  by  carefully  compiling  the  ma- 
terial at  hand  to  arrive  at  certain  estimated  average  figures  which 
are  believed  to  be  approximately  correct,  and  to  draw  therefrom 
certain  general  conclusions.  It  must  be  clearly  imderstood,  how- 
ever, that  these  average  figures  may  be  entirely  misleading  if  applied 
to  some  one  particular  deposit.  The  conditions  are  so  variable  that 
it  is  necessary  to  consider  each  deposit  strictly  on  its  individual  merits 
when  considering  its  commercial  possibilities.  The  average  figures, 
however,  have  distinct  value  as  guides  to  the  probable  competition 
which  will  have  to  be  faced. 

In  fact  these  average  figures  have  been  compiled  with  this  latter 
pomt  especially  in  view.  For  this  reason  the  more  immediate  for- 
eign competitors,  Brazil  and  Cuba,  are  considered  as  well  as  the 
domestic  sources. 

The  subject  may  be  approached  in  two  ways— by  determining  so 
far  as  possible  the  actual  cost,  and  by  determining  what  may  be  called 
the  ''proper*'  cost.  It  is  thoroughly  appreciated  that  at  many  prop- 
erties, owing  to  a  multitude  of  reasons,  costs  have  been  imduly  and 
uimecessarily  high.  However,  as  regards  the  costs  of  producing  man- 
ganese ores  during  the  war,  it  would  serve  no  useful  purpose  to  esti- 
mate what  the  cost  ought  to  have  been.  War  costs  have  become  a 
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matter  of  history,  but  tihd  actaai  £purea  as  bearing  on  probable 
future  costs  are  of  vital  importance.  When  it  comes  to  estimating 
the  future^  the  opposite  angle  of  approach  may  be  taken.  Domestic 
ores  will  soon  once  more  have  to  face  active  and  unrestricted  foreign 
competition,  and  '' proper"  costs  will  have  to  be  attained  in  order 
to  keep  the  industry  alive.  Fiurthermore,  if  the  question  of  protec- 
tion be  raised;  only  ^'proper"  costs  should  be  considered.  It  is 
appropriate,  therefore,  to  discuss  future  possibilities  from  the  second 
point  of  view,  namely,  as  regards  what  the  costs  should  be. 

Another  vital  question,  in  every  discussion  of  this  sort,  is  what 
constitutes  cost.  Strange  as  it  may  seem,  the  important  factors  of 
amortization  of  plant  and  depletion  of  ore  reserves  are  more  often 
overlooked  than  not.  This  has  no  doubt  been  especially  true  of  a 
business  like  that  of  the  manganese  industry  during  the  war,  chiefly 
characterized  by  the  hurried  and  ofttimes  ill-considered  imdertak- 
ings  of  many  small  operators  with  little  financial  strength.  Never- 
theless, owing  to  the  uncertam  life  of  the  business,  the  writing  oJBE 
of  the  investment  should  have  been  the  prime  consideration. 

In  niost  instances  the  cost  data  collected  evidently  do  not  include 
allowances  for  amortization  and  depletion.  It  is  now  obviously  im- 
possible to  say  what  these  items  should  have  amounted  to;  there- 
fore, where  they  do  seem  to  have  been  included,  they  will  be  omitted 
from  the  following  discussion,  for  unifoimity.  This  fact,  however, 
should  be  kept  in  mind,  if  any  comparison  of  the  average  estimated 
war  costs  with  the  prices  then  prevailing  is  attempted.  The  appar- 
ent profit  which  such  a  comparison  shows  probably  failed,  in  a  large 
number  of  cases,  to  offset  the  investment  before  the  business  col- 
lapsed upon  the  signing  of  the  armistice.  In  fact,  were  not  this  the 
case,  there  would  be  little  ground  to-day  for  any  claims  under  the 
War  Minerals  Relief  act. 

The  same  considerations  must  be  kept  in  mind  as  regards  the 
estimated  average  future  costs.  These  are  not  intended  to  include 
approimate  charges  for  writing  off  investment. 

COSTS  OF  DOKESTIC  HAVOAVESE  OBES. 

The  domeslic  manganese  ores  of  ferro  grade  fall  into  two  distinct 
classes,  which  vary  widely  from  one  another  in  their  cost  of  produc- 
tion. These  are  (1)  the  carbonate  ores,  and  (2)  the  oxide  ores.  A 
third  class,  namely,  the  silicate  (rhodonite)  ores,  should  perhaps  be 
mentioned,  but  such  ores  in  the  natural  state  are  too  sUiceous,  and 
concentration  too  costly,  to  make  their  use  feasible  even  with  a 
war-time  market.  Consequently  the  small  amounts  produced  were 
incidental  to  the  production  of  carbonate  and  oxide  ores,  and  they 
need  not  be  considered  separately. 
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CARBONATE  ORES. 

Carbonate  ores  were  mined  in  quantity  in  only  one  locality,  namely, 
Butte,  Mont.,  but  the  output  for  1918  was  more  than  20  per  cent  of 
the  total  output  of  manganese  ores  mined  in  the  United  States.  The 
great  bulk  of  the  ore  required  no  concentrating  and  little  if  any  hand 
sorting.  Mining  was  of  the  imdergroimd  type,  but  the  deposits  were 
persistent  and  the  mining  operations  were  efficient.  Furthermore 
the  haul  to  the  railroad  was  short,  and  accomplished  by  motor  trucks 
over  well-paved  roads.  It  is  understood  that  the  cost  on  board  rail- 
road cars  was  not  more  than  S5  per  long  ton — ^probably  less.  As  the 
product  contained  36  to  37  per  cent  metallic  manganese,  the  unit 
cost  was  about  14  cents. 

A  small  amount  of  siliceous  carbonate  ore  was  produced  in  the 
Butte  district  and  concentrated  at  a  neighboring  customs  mill,  where 
the  milling  cost  is  said  to  have  been  $4.50  per  ton  of  product, 

OXIDE  ORES. 

The  oxide  ores  occur  mixed  with  clay,  chert,  and  other  gangue 
materials  and  invariably  require  careful  hand  cleaning  or  mechanical 
washing  or  concentrating.  The  deposits  are  generally  erratic.  Pro- 
duction costs  have  therefore  necessarily  been  much  higher  than  with 
the  carbonate  ores.  In  a  few  places  carbonate  ores  were  encoun- 
tered as  the  weathered  oxide  ores  were  followed  downward,  but  these 
carbonate  deposits  were  too  small  and  generally  too  impure,  to 
lessen  the  otherwise  high  costs.  Occasionally  silicate  (rhodonite)  ores 
were  encountered  with  depth,  when  mining  as  a  rule  had  to  be 
abandoned. 

The  oxide  ores  are  widely  scattered  over  the  United  States.  They 
represented  nearly  80  per  cent  of  the  1918  production.  In  estimating 
the  average  cost  of  producing  them,  they  will  be  treated  as  a  group, 
although  individual  cost^  as  between  States,  districts,  and  even  mines 
in  the  same  district,  frequently  varied  within  wide  limits. 

These  variations  were  principally  due  (a)  to  inherent  differences 
in  the  deposits  as  regards  their  size  and  richness,  and  (l)  to  their 
situation  as  affecting  the  cost  of  hauling  to  the  railroad.  Costs  may 
best  be  discussed  therefore  under  two  main  heads,  namely  (a)  cost 
at  the  mine,  and  (b)  cost  of  transportation  to  the  railroad. 

COST   AT   THE   MINE. 

Ordinarily  it  would  be  found  convenient  to  subdivide  the  cost 
at  the  mine  into  mining  cost  and  treatment  or  preparation  cost.  A 
large  part  of  the  manganese  ore  produced,  however,  was  hand  cleaned 
by  picking  or  screening,  and  the  available  cost  data  do  not  differen- 
tiate between  mining  and  hand  cleaning.     Consequently,  three  kinds 
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of  costs  must  be  considered  under  mining  and  preparation,  namely^ 
mining,  milling,  and  mining  plus  hand  cleaning. 

Figures  for  these  costs  as  given  below  include  labor,  supplies,  and 
the  usual  overhead  charges,  such  as  royalty.  It  will  be  of  interest  to 
examine  these  items  separately  before  taking  them  up  as  lumped 
together  under  mining  and  treatment. 

LABOR. 

The  labor  supply,  never  abundant  in  many  of  the  manganese  dis- 
tricts, was  seriously  affected  by  conditions  resulting  from  the  war, 
not  the  least  of  which  was  the  draft.  Table  14  following  shows  data 
regarding  wages  recently  paid. 

Table  14. — Wages  paid  in  several  of  the  manganese-produdng  States, 

(Dollars  per  day.) 


Ari- 
soniA. 

Arkan- 
sas. 

Geor- 
gia. 

Mon- 
tana. 

Neva- 
da. 

Ten- 
nesee. 

Utah. 

Vir- 
ginia. 

Wash- 
ington. 

Carpenter 

3.25 
2.75 
3.75 
2.75 
5.00 
4.00 
3.75 
2.75 
3.00 
2.50 

"3.25' 

6.00 
5.50 
5.50 

"'5.66' 

3.00 
2.50 

4.00 

Oommon  labor .--...... 

4.75 

3.00 

4.00 

2.00 

Underground  mines 

5.00 

Oppn-<*'»'t  rnjliiipa ,  - , 

3.00 
5.75 
2.75 

4.60 

Steam-shovel  operator 

Steam-shovel  helper 

Dinky  driver  ....*. 

Fireiriftn -   . . 

2.75 
3.75 

Mill  men 

5.50 

3.00 

'ilob 

Hand  picking 

Wixift  fnfreman  -  - 

6.00 
4.00 

7.50 
8.30 
6.00 

3.50 

Mill  foreman 

wiftfkjmiith 

••••■■«• 

5.00 

5.00 

Sufficient  data  are  not  at  hand  for  satisfactory  comparison 
between  prewar  and  war  times,  but  a  few  figures  in-  this  direction 
are  available.  For  example,  in  1916  the.  wage  paid  common  labor 
in  the  Cartersville  district,  Georgia,  was  $1.25  per  10-hour  day;-a 
year  later  it  had  risen  to  $1.75,  while  in  1918  it  was  $2.50  per  8- 
hom*  day.  In  certain  localities  a  bonus  was  paid  for  a  maximtun 
number  of  days'  work  per  week,  which  raised  the  wage  to  $3  per 
10-hour  day.  A  similar  condition  existed  in  the  Batesville  district, 
Arkansas,  and  undoubtedly  such  conditions  were  universal  through 
the  manganese  fields  of  the  country.  A  wage  of  $2.50  for  eight 
hours  is  probably  a  fair  average. 

SUPPLIES. 

No  detailed  information  as  to  cost  of  supplies  per  ton  of  product 
is  available.  The  item  was  far  higher,  possibly  double,  the  pre- 
war cost. 

KOYALTY. 

A  royalty  commonly  demanded  during  the  war  was  10  per  cent 
of  the  gross  value  of  the  product,  that  is  to  say,  of  the  selling  price. 
The  royalty  thereby  varied  automatically  with  the  grade  of  the  ore. 
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Occasionally  an  arbitrary  sliding  scale  was  used,  of  mrfaieh    the 

following  is  an  example: 

Example  of  arbitrary  sliding  scale  of  royalty  for  manganete  ore. 

Manganese  content  of  ore,  per  cent.  Royalty  per  tan. 

20  or  less $0.  50 

20  to  30 l.OO 

30  to  40 1.60 

40  and  over 2.  00 

This  scale  provided  for  the  higher  grades  of  manganiferous  ores 
as  well  as  for  ferro-grade  ores.  At  some  places,  where  the  ore  ran 
fairly  uniformly  as  to  grade,  a  single  fixed  rate  of  royalty  was  paid, 
as  for  instance  50  cents  per  ton  at  the  Cason  mine,  Batesville,  Ark. ; 
or  $1.50  per  ton  in  the  Erickson  district,  Utah. 

The   average  manganese  content  of  all  ferro-grade   oxide    ores 

mined  in  the  United  States  was  approximately  41  per  cent,    and 

the  average  royalty  paid  for  such  ores  may  be  taken  to  be   $1.50 

per  long  ton.     Before  the  war,  the  current  royalty  for  rather  better 

grade  ore  was  $1.00. 

Mnrnro  and  t&eatmznt. 

The  mining  cost  per  ton  of  product  naturally  varied  widely,  not 
only  with  the  cost  of  handling  the  bank  dirt,  or  crude  ore,  but  also 
witih  the  yield  of  concentrates.  As  a  rule,  however,  cost  and  yield 
roughly  offset  each  other.  Thus,  a  lean  bank  dirt  had  to  be  mined 
more  cheaply  than  a  rich  one.  Yields  varied  from  2  or  less  up  to 
as  much  as  10  tons  of  bank  dirt  per  ton  of  concentrates;  and  mining 
costs,  where  the  ore  was  mined  as  it  came  and  was  sent  to  a  mill  for 
treatment,  were  found  to  range  from  $5  to  $10  per  ton  of  product, 
with  the  average  not  far  from  $7.50. 

MiUing  costs  likewise  varied  with  the  grade  of  the  bank  dirt,  as 
also  with  the  degree  of  refinement  to  which  the  process  was  carried. 
Concentrating  plants  varied  from  simple  log  washers,  with  or  without 
picking  belts,  to  elaborate  mills  with  screens,  jigs,  and  even  occa- 
sionally tables.  Water  was  not  infrequently  a  costly  item.  Costs 
per  ton  of  product  varied  from  $5  to  $8.50,  the  average  being  ap- 
proximately $6.50. 

At  many  small  operations  the  bank  dirt  was  simply  picked  or 
screened  by  hand.  A  profit  in  such  cases  was  only  possible  when 
the  crude  material  was  fairly  rich,  but  frequently  cheaper  costs  were 
attained  than  at  the  larger  and  more  elaborate  operations,  chiefly 
because  overhead  charges  were  reduced  to  a  minimum,  and  the 
"mine''  was  readily  moved  from  point  to  point,  following  the  richer 
and  cheaper  ore.  The  average  cost  per  ton  of  product  was  $12  to 
$13;  individual  costs  were  frequently  less. 

Considering  the  respective  proportions  of  ore  hand  cleaned  and 
milled,  the  average  cost  of  the  total  product  is  estimated  to  have 
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been  $13.50.  The  figures  that  contribute  to  this  average  include  a 
certain  amount  of  the  overhead  charge  in  many  cases,  but  probably 
SI. 50  should  be  added  to  cover  royalty,  sampling,  and  similar  over- 
head charges,  which  in  other  cases  have  not  already  been  included. 
Thus  it  is  concluded  that  the  total  average  cost  at  the  mine  of  the 
oxide  ores  was  approximately  $15. 

The  following  individual  examples  are  given  as  illustrating  some 
of  the  details  underlying  the  above  conclusion. 

Mr.  F.  G.  Moses  of  the  bureau's  staff  reported  mining  costs  per  ton 
of  product  in  the  Erickson  district  of  Utah  as  given  below.  Costs 
at  the  mine  were  comparatively  low  at  that  point. 

Costs  per  ton  of  product  in  the  Erickson  district ,  Utah. 

Mining $5,00 

Overhead 2.00 

Sampling 1. 00 

Royalty 1.50 

Total : 9. 50 

The  average  cost  of  mining  per  ton  of  product  in  the  Cartersville 
district,  Georgia,  was  about  as  follows: 

Average  costs  per  ton  of  product  in  the  Cartersville  district,  Georgia, 

tlndergroand.        Ox>en  cat. 

Mining 13.00  $2.50 

Timbering 1.50        

Royalty 1.50  1.50 

Handling  and  miscellaneous 2.25  .50 

Total $8.25         $4.50 

The  bulk  of  the  ore  was  obtained  from  open-cut  workings  and  the 
average  cost  per  ton  of  product  is  assumed  to  be  $5.50.  This  is  by 
far  the  most  important  manganese  producing  district  in  the  State  of 
Georgia. 

The  following  rates  paid  for  contract  mining  in  the  Batesville 
(Arkansas)  and  Cartersville  (Georgia)  districts  are  interesting. 

Rates  for  contract  mining  per  ton  in  Batesville  and  Cartersville  districts. 

Ore.  BatesTllle.a   CwtersTille.^ 

Low  grade $8      $17 

Medium  grade $12  to  $15    

High  grade $25  to  $40     .... 

A  high  price  was  paid  in  Batesville  for  high-grade  ores,  yet  the 
amount  of  ore  that  could  be  mined  was  much  less  than  with  low-grade 
ores,  so  that  the  wage  earned  was  about  the  same. 

a  The  wash  dirt  mined  to  be  cleaned  at  company's  expense.        »  For  all  lump  and  cleaned  ore. 
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The  following  figures  are  given  as  approximate  milling  costs  per 
ton  of  concentrates  at  a  large  operation  in  Virginia: 

1917:  729  tons  were  cleaned  at  a  cost  of  $10.77  per  ton. 
1918:  945  tons  were  cleaned  at  a  coet  of  $6.53  per  ton. 
1918:  Estimated  coet  for  remodeled  mill,  $6.50  per  ton. 

The  total  estimated  cost  per  ton  of  product  on  board  railroad  cars, 
including  all  charges,  was  given  for  the  latter  part  of  1918  as  $15. 
This  is  only  one  of  a  number  of  relatively  important  operations  in 
Virginia. 

Theodore  Simons  reported  the  following  average  costs  for  July, 
1918,  in  the  Philipsburg  district,  Montana.  These  costs  are  per  ton 
of  product  on  board  railroad  cars  and  include  all  charges  for  labor, 
timbering,  hand  cleaning  or  concentrating,  road  construction,  devel- 
opment, repairs,  and  overhead: 

Average  costs  in  Philipsburg  district. 

Mining  Company  A $15. 14 

Mining  Company  B 21. 00 

Mining  Company  C 16. 00 

Mining  Company  D 17.  33 

Mining  Company  E 17. 00 

Mining  Company  F 18. 00 

The  arithmetical  average  of  the  above  is  $17.41  per  ton  of  the 
product.  As  company  A  was  by  far  the  largest  single  producer  its 
lower  cost  would  bear  down  this  figure  in  a  weighted  average  to 
approximately  $16.50,  or  roughly  $15,  excluding  the  cost  of  hauling 
and  loading  into  railroad  cars. 

A  representative  milling  cost  at  Philipsburg  was  reported  as  being 
$7.14  per  ton  of  product.  Custom  mill  work  on  Butte  and  Philips- 
burg oxide  ores  is  said  to  have  cost  $2.50  per  ton  of  crude  ore.  As 
the  ratio  of  crude  to  concentrates  was  approximately  2.6  to  1,  this 
latter  figure  would  become  about  $6.50  per  ton  of  concentrates. 

COST   OF  TRANSPORTATION   TO   RAILROAD. 

The  location  of  the  mines  worked  for  manganese  during  the  war 
with  reference  to  the  nearest  railroad  shipping  point  varied  as  widely 
as  the  other  factors  entering  into  cost.  Not  infrequently  the  distance 
hauled  differed  greatly  even  within  the  same  district.  For  instance, 
in  the  Batesville  district,  Arkansas,  hauls  were  commonly  2  to  3 
miles,  but  hauls  of  5  to  10  miles  were  not  uncommon.  The  ore  from 
a  mine  in  Tennessee  was  hauled  14  miles  to  the  railroad^  and  in  the 
Buena  Vista  Valley,  Nev.,  the  distance  hauled  was  20  miles. 

Transportation  was  by  wagons  and  motor  trucks.  The  average 
load  was  1  ton.  This  average  figure  frequently  applied  even  when 
2-ton  trucks  were  used,  on  account  of  poor  roads.  A  few  5-ton 
trucks  were  used^  but  the  tonnage  handled  in  such  units  was  small. 
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Table  15  following  gives  cost  data  and  other  data  relating  to  a 
number  of  typical  and  important  camps.  The  average  cost  of  hauling 
for  all  oxide  ores  was  roughly  $3.50  per  ton.  To  this  should  be  added 
an  average  charge  of  35  cents  per  ton  for  handling  the  ore  at  the  two 
terminals  of  the  haul. 

Table  15. — Cost  of  handling  and  hauling  ore  in  manganese-proditcing  States, 


Average 

distance 

hauled, 

miles. 

Load 
hauled, 
pounds. 

Method  employed. 

Cost  per  ton. 

State. 

Loading 
cars. 

Hauling 
to  rail- 
road. 

Loading 
wagons. 

Weigh- 
ing ore. 

Arkansas 

H 
3.5 

10 
18 

13 
2i 

3,300 
2,800 
3,000 
4,000 
2,800 
3,000 
2,800 
4,000 

Wagons  and  motor  trucks. . . 
Wagons 

10.25 

12.60 
LIO 
L45 
5.95 
8.50 
2.50 
6.50 
L50 

10. 10 

Georgia 

Montana 

Wagons  and  motor  trucks. . . 
do 

b.29 

Nevada 

New  Mexico 

Wagons 

.45 

10.35 

Tennessee 

do 

Utah 

do 

.50 
LOO 

.50 

Virginia 

do 

a  Philipsburg  district  only. 


b  Cost  of  loading  both  wagons  and  cars. 


SUMMARY  OF   COST   OP  OXIDE   GEES   ON    BOARD   CARS. 

Adding  the  cost  per  ton  of  product  at  the  mine,  $15,  to  the  cost 
for  transportation  to  railroad  plus  handling,  $3.85,  the  total  estimated 
average  cost  on  board  railroad  cars  for  the  oxide  ores  is  seen  to  be 
$18.85,  or,  say,  $19  per  long  ton.  With  41  per  cent  average  metallic 
manganese  content  the  unit  cost  is  46.4  cents. 

COST  OF  BAILBOAD  TRANSPORTATION  TO  KABKET. 

Railroad  freight  rates  advanced  materially  during  the  war.  Cer- 
tain reductions  were  later  made  in'  favor  of  western  shippers  of  man- 
ganese ores,  but  were  still  high.     Some  t3rpical  rates  are  given  below. 

Freight  rates  between  Southern  points  and  Chicago. 

From—  Rate  i>er  ton  of  2,240  pounds. 

Northeastern  and  northwestern  Georgia $6.  90 

Eastern  Tennessee  and  western  North  Carolina 5.  90 

Virginia 6. 30 

Abbeville  and  Greenville,  S.  C,  and  Lincolnton,  Ga 8.  40 

Batesville,  Ark 4.  60 

Freight  rates  between  western  points  and  Chicago^  Philadelphia^  and  Birmingham. 


State  (any  point). 


Colorado.... 

Oregon 

Washington. 
Calif omk... 

Montana 

Arizona 

Nevada 

Utah 

New  Mexico. 


Destination. 


Rate  per 
short  ton. 


Chicago,  111. 

do 

do 

do 

do 

do 

....do 

do 

....do 


$7.00 

11.00 

11.00 

11.00 

8.00 

9.00 

10.00 

9.00 

7.00 


Destination. 


Philadelphia,  Pa.. 
Birmingham,  Ala 
do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Rate  per 
short  ton. 


18.50 
12L60 
12.  GO 
12.  GO 
laGO 

9.00 
11.00 
10.00 

7.00 
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The  Oov^rameBELt  scfliednle  of  pnces  en  wltieh  ores  were  sold  dmring 
tbe  war  fixed  the  |irice  per  uiait  "delivored  Mt  Oiicago.  "iSie  piodxioer 
ealeuLa^ied  ti^  value  -of  his  ore  at  Oiicago  and  then  dedaoted  tlie 
freight  rate  from  point  of  piK)diictkm  to  Ohicago  to  get  the  seilsBg 
price  of  his  ore  f .  o.  b.  raiboad  cars  at  shipping  point.  Tbe  huyer 
paid  the  actual  freight  from  shipping  point  to  point  of  consumption. 

Whether  ores  are  sold  in  the  future  f.  o.  b.  cars  at  the  shipping 
point  or  delivered  at  the  furnace  makes  no  difference  to  the  pro- 
ducer. It  is  at  the  furnace  that  he  must  compete  with  other  pro- 
ducers, whether  domestic  or  foreign,  and  he  nuist  therefore  com- 
pute the  freight  as  part  of  his  cost  of  production. 

A  small  amount  of  ferro  was  made  in  western  electric  furnaces 
during  the  war,  but  the  great  bulk  of  it  was  made  east  of  the  Missas- 
8ipp>i,  at  Chicago  and  in  Alabama,  Virginia,  PennsylYania,  and  New 
York.  The  production  of  Pennsylvania  furnaces  largely  predomina- 
ted, and  this  wiU  unquestionably  be  ev«n  more  ttue  in  the  future,  as 
production  outside  of  Pennsylvania  was  principally  stimulated  by 
war  prices. 

It  has  already  been  pointed  out  that  costs  at  the  mine  and  costs 
of  trimsportation  to  the  raiboad  varied  widely  from  point  to  pmnt. 
These  variations  were  not  due  to  the  section  of  the  country  in  which 
the  mines  w««  situated,  however,  but  rather  to  the  nature  of  the 
deposits  themselves.  Two  distinct  groups  of  deposits  have  been 
differentiated,  namely,  the  carbonates  and  the  oxides.  Within  tkiese 
groups  it  mattered  little  whether  the  mine  was  situated,  for  example, 
in  Virginia  or  in  California;  the  cost  might  be  high  or  low  in  either  place. 
Therefore  it  was  found  desirable  to  average  all  costs  for  each  group 
and  so  determine  an  estimated  average  cost  for  producing  c^e  <M  that 
gF(Hip,  irrespective  of  its  locality. 

It  seems  necessary  to  consider  the  matter  of  railroad  freights  from 
another  angle.  If  all  oxide  ores,  for  instance,  had  been  produced 
in  Virginia,  their  average  cost  delivered  at  Pennsylvania  furnaces 
would  have  been  less  than  if  a  part  had  been  shipped  from  pomts  west 
of  the  Mississippi.  Therefore,  the  freight  for  each  State  or  district 
to  the  principal  center  should  be  weighted  in  an  average  according 
to  the  amount  of  ore  shipped  from  that  State  or  district.  It  has 
heen  necessary  to  make  certain  assumptions,  as  exact  freight  rates  are 
in  many  cases  not  at  hand,  but  the  resulting  figures  without  doubt 
a^roximate  the  truth. 

Proceeding  by  this  method  and  assuming  that  the  principal  con- 
suming center  is  Pennsylvania,  it  is  found  that  the  average  frei^t 
rate  for  the  oxide  ores  during  the  latter  part  of  1918  was  approxi- 
mately $10.75  per  long  ton  and  for  carbonate  ores  approximately 
SI  1.25,  including  war  tax« 
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SUIOCABY  OF  COST  OF  DOMESTIC  ORES. 

The  foregoing  estimates  are  summarized  as  follows: 

Summarized  data  on  estimated  average  cost  of  domestic  ores. 


Estimated  tons  produoed  in  1918 
Estimated  cost  on  railroad  cars . . 

Estimated  railway  freight 

Total  estimated  cost  delivered . . . 

Manganese,  per  cent 

Estimated  cost  per  unit,  cents . . . 


Carbonate 
ore. 


63,000 

S5.00 

S11.35 

$16.35 

36.5 

45.0 


Oxide 
ore. 


231,500 

$19.00 

$10.70 

$29.70 

41.0 

70.7 


Average. 


294,500 

$16.00 

$10.85 

$26.80 

40.0 

65.0 


Of  course,  the  more  favored  districts  could  produce  oxide  ores 
more  cheaply  than  the  average  figures  given.  Virginia,  for  instance, 
probably  delivered  ore  to  the  furnaces  at  a  cost  of  about  55  cents 
per' unit.  Cartersville  (Ga.)  and  Batesville  (Ark.)  ores  should 
have  reached  Birmingham,  Chicago,  or  Pennsylvania  furnaces  for  55 
to  60  cents  per  imit.  Nearly  85  per  cent  of  the  oxide  ores,  however, 
came  from  the  far  western  States  and  were  subject  to  high  railway 
freights.  The  carbonate  ores  paid  a  high  railway  freight  but  other 
costs  were  so  low  that  these  were  probably  the  cheapest  ores  pro- 
duced either  on  a  ton  or  unit  basis. 

DISCTJSSION  OF  FXTTXTBE  POSSIBIUTIES. 

The  average  costs  computed  in  the  foregoing  pages  are  for  war 
times  and  more  particularly  for  the  last  six  months  before  the  signing 
of  the  armistice. 

In  estimating  future  costs  we  have  little  to  guide  us  in  the  way 
of  prewar  costs.  Then  only  small  amounts  of  domestic  ores  were 
mined,  frequently  in  a  small  way  by  farmers  when  not  busy  with 
farm  work.  The  production  was  in  the  southeastern  States,  where 
freight  rates  to  consiuning  centers  were  not  excessive.  Probably 
only  small  profits  were  made,  but  these  were  satisfactory  under  the 
circumstances.  Costs  were  $4  to  S8  per  ton  on  board  railroad  cars, 
but  these  costs  are  not  fair  guides  to  future  possibilities. 

Aside  from  railway  freights,  the  wage  scale  enters  more  largely  into 
the  cost  of  production  than  any  other  single  item;  and  it  is  probable 
that  reduction  in  cost  will  come  chiefly  from  reduction  in  wages. 
Better  practice  should  account  for  some  reduction,  and  cost  of  sup* 
plies  may  perhaps  be  properly  expected  to  drop  about  in  proportion 
to  reduction  in  wages. 

The  consideration  of  future  wages  is  a  far-reaching  problem,  in- 
volving infinitely  more  important  national  industries  than  manganese 
mining,  and  an  infinite  number  of  correlated  problems.  The  subject 
is  ventured  upon  only  because  it  seems  desirable  at  this  time  to 
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attempt  some  reasonable  forecast  of  the  probable  future  cost  of 
manganese. 

There  is  admittedly  much  difference  of  opinion  in  this  respect, 
but  it  may  fairly  be  assumed  that  wages  must  inevitably  drop.  Tlie 
cost  of  labor  is  now  approximately  double  the  prewar  figure  in  many 
of  the  more  important  manganese-producing  districts.  An  instance 
has  already  been  given  where  it  has  more  thsm  doubled.  Its  advance 
has  frequently  outsped  the  increase  in  cost  of  living,  which  is  said 
in  general  not  to  have  increased  more  than  approximately  50  per 
cent  in  most  manganese  mining  camps.  The  economic  pressure  of 
competition  must  either  depress  these  wages  or  else  the  industry 
must  be  abandoned.  If  it  be  assumed  that  wages  will  drop,  to  fall 
in  line  with  the  increased  cost  of  liviog,  and  that  the  latter  will  not 
decrease,  then  the  drop  in  wages  will  be  equivalent  to  25  per  cent  of 
the  war  wage. 

In  this  connection  it  may  be  further  assumed  that  the  cost  of 
supplies  will  decrease  in  like  proportion;  whereas  better  practices 
will  prevail  and  more  efficient  labor  will  be  available  than  under  war 
conditions.  The  net  result  is  an  estimated  future  reduction  in  cost 
of  manganese  ore  on  board  railroad  cars  of  25  per  cent. 

It  does  not  seem  likely  that  railway  freights  will  be  materially 
lowered  in  the  near  future,  except  perhaps  to  the  extent  of  the  re- 
moval of  the  war  tax. 

On  the  basis  of  the  foregoing  premises,  the  summarized  costs  for 
war  times  given  on  page  101  become  as  follows: 

Revised  estimated  average  cost  data  on  domestic  manganese  ores. 


Kstlmatod  proportionate  tonnage,  per  cent 

?>stiniatcd  cost  on  railroad  cars 

Kstlmated  railway  freight 

1'otal  estimated  cost,  delivered 

Manganese,  percent 

Estimated  cost  per  unit,  cents 


Carbonate 
ore. 

Oxide  ore. 

ATwaee. 

21 

79 

100 

$3.75 

14.25 

11.72 

$11.00 

ia40 

lass 

$14.75 

24.65 

22. 2S 

36.5 

41.0 

40.0 

4a4 

00.0 

fi&.6 

Here  again,  in  certain  more  favored  districts,  as  r^ards  freight 
rates,  the  oxide  ores  can  undoubtedly  be  delivered  to  the  furnaces 
for  less  than  60  cents  per  unit.  For  the  Southern  States,  generally, 
rates  of  50  cents  per  unit  or  less  should  be  attained,  whereas  for 
Western  ores  the  cost  would  probably  exceed  60  cents.  The  Butte 
carbonate  ores  are  the  one  exception  in  the  far  west,  owing  to  ex- 
ceptionally cheap  mining  and  hauling  costs. 

COSTS   OF  FOBEION   OBES. 

The  principal  source  of  foreign  ore  during  the  war  was  Brazil. 
The  next  most  important  single  source  was  Cuba.  Smaller  amounts 
came  from  other  points  in  the  West  Indies,  Central  and  South 
America,  and  the  Orient,  chiefly  India. 
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In  prewar  times,  Russia  and  India  were  more  important  sources 
than  Brazil.  It  seems  probable,  however,  that  Russia  will  not  for 
a  few  years  become  a  large  factor  once  more,  and  that  the  Indian 
output  may  also  be  slow  in  reaching  this  coimtry;  though  English 
ferromanganese  made  from  Indian  ores  is  likely  to  appear  before 
long  in  quantities  sufficient  to  affect  the  market. 

Our  more  immediate  concern  is  with  Brazilian  and  Cuban  ores. 
Some  information  regarding  costs  in  these  countries  is  reviewed  in 
the  following  pages. 

Manganese  mining  in  Cuba  is  generally  by  open-cut  methods. 
In  only  one  instance  has  there  been  anything  approaching  true  under- 
ground work. '  Preparation  for  market  is  generally  by  hand  cleaning, 
though  log  washers  are  used  at  the  most  important  mine  in  the  island. 
One  concentrator,  involving  screens  and  jigs,  was  built  and  operated 
during  the  war. 

The  price  of  labor  rose  rapidly  during  1917-18,  being  at  the  last 
as  much  as  $1.80  to  S2  per  9-hour  day. 

Mining  and  treatment  costs  naturally  varied  from  point  to  point, 
ranging  between  $5  and  $8  per  ton  of  product. 

Much  of  the  ore  was  haiiled  from  mine  to  railroad  by  mules  or  oxen, 
the  cost  varying,  with  the  distance,  from  $2  to  $10  per  ton.  A  small 
amoimt  was  even  packed  on  mules  at  a  cost  of  $10  and  upward. 

Freight  rates  to  shipping  port  ranged  from  less  than  $1  a  ton  up 
to  $2.50  and  more,  according  to  the  length  of  haul.  Charges  for 
loading  into  ship  were  sometimes  as  high  as  $1.50.  Lighters  were 
used  in  Santiago  harbor. 

Royalties  were  advanced  materially  during  the  war  period.  Before 
the  war,  $1  per  ton  was  usual,  and  some  leases  were  made  for  80 
cents.  The  figures  for  1918  ranged  from  $1.50  to  $2.50.  In  one 
instance  a  sliding  scale  was  used,  based  on  the  delivered  value  of 
the  ore.  This  scale  started  at  $1,75  for  ore  worth  $35  per  ton,  and 
advanced  25  cents  for  every  $5  additional  value  for  the  ore.  This 
meant  approximately  $2  for  40  per  cent  ore. 

The  foregoing  figures  are  assembled  for  convenient  comparison  in 
the  following  table : 

Manganese  ore  costs  in  Cuba, 

Mining  and  treatment $5. 00  to  $8. 00 

Hauling  to  railroad 2.  00  to  12. 00 

Cuban  railroad  freight 1. 00  to   2, 50 

Port  coBta  and  charges 0. 75  to    1. 50 

Royalty 1 .  50  to    2 .  50 

The  two  largest  producers  in  Cuba  were  situated,  as  regards  the  bulk 
of  their  output,  directly  on  the  railroad  or  on  tram  lines  leading  to  it. 
This  factor  must  be  considered  with  others  in  estimating  the  average 
cost.     The  total  cost  of  ore  in  the  ship  is  taken  as  $14  per  ton,  includ- 
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ing  the  above  items  and  some  fm*ther  miscellaaeous  and  general 
charges.  It  is,  of  conrse,  understood  that  no  amortization  of  invest- 
ment is  included  in  this  figure. 

The  actual  costs  at  a  small  operation  whose  daily  output  was  12 
to  20  tons  of  hand-cleaned  shippiog  products  were  as  follows: 

Detailed  costs  for  one  Cuban  operation. 

Miidog  and  cleaning $6.50 

Hanling  to  railroad 2.05 

Soiface  rights 80 

MiBcellaneous  and  general 2. 00 

Railroad  freight  to  Cuban  port 2. 02 

Handling  into  ehip 1^50 

Total  per  ton  of  product 14. 87 

The  operators  owned  the  ore  deposit  and  therefore  paid  no  royalty. 
They  were  heavily  penalized,  however,  by  the  owners  of  the  surface. 

The  1916  costs  at  another  operation,  situated  on  the  railroad  and 
at  which  the  ore  was  washed  in  log  washers,  were  as  follows: 

Detailed  cost  at  another  Ouhan  operation,  1916. 

Mining  and  washing $5. 50 

Miflcellaneous  and  general 1. 00 

Surface  rights  and  royalty 1 1. 10 

Raih*oad  freight  and  switching 1. 79 

Handling  into  ship .72 

Total 10.11 

The  costs  of  this  latter  operation  were  probably  $3  to  $5  higher 
during  1918. 

BRAZIL. 

Below  is  a  statement  of  costs  of  mining  manganefle  ore  at  four 
operations  in  Brazil. 

Cost  data  from  four  operations  in  Brazil, 


Item. 

Operation. 

A. 

B. 

C. 

D. 

Minisfi.  f .  0. 1).  cars. ........................................... 

S6.00 

1.85 

1.50 

.65 

$4.00 

1.85 

1.50 

.65 

$5.00 

1.90 

a  5. 35 

S5.00 

Export  tax 

1.85 

Rauway  freleht  rate  to  Rio  do  Janeiro 

a  5. 40 

Pockae©  at  kIo  do  Janeiro. 

Liehterase  at  Rio  do  Janeiro 

2.50 
.25 

2.50 

Transfer  irom  narrow  to  broad  ease  railroad 

.25 

Haglftg^  to  station 

2.50 

9.00 

8.00 

15.00 

17.60 

a  Comiwnies  C  and  D  are  handicapped  by  increased  freight  rates.    The  other  two  companies  are  still 
operating  under  old  contracts. 

In  addition  to  the  above  figures  a  States  tax  of  $3.20  was  imposed 
during  the  war.  Further,  royalty  charges  up  to  $1.75  per  ton  were 
not  uncommon.  The  total  range  of  costs  for  Brazilian  ore  into  ship 
would  therefore  be  $12  to  $22.50  per  ton.    As  the  low  cost  is  for 
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one  of  the  largest  and  most  important  mines,  it  is  probably  that  a 
weighted  average  would  be  approximately  $15. 

OCEAN  FREIGHT  BATES. 

Freight  rates  on  manganese  ores  from  Brazil,  Cuba,  and  India 
to  the  United  States  and  England  are  given  below: 

Freight  rates  an  manganese  ores  by  vessel  to  United  States  and  England. 

Pre-war,  India  to  the  United  States $4.32 

Do.      India  to  England • 3. 84 

Do.      Brazil  to  the  United  States  or  England 2.88 

Do.      Cuba  to  the  United  States 1.50  to  2.50 

1916,       Brazil  to  the  United  states 5.50  to  6.50 

1918,       Brazil  to  the  United  States 15.00 

1918,       Cuba  to  the  United  States 9. 50 

The  rates  of  $9.50  and  $15  per  long  ton  of  manganese  ore  may  be 
taken  as  representative,  respectively,  for  Brazil  and  Cuba  during 
1918.  These  figures  are  just  about  five  times  the  pre-war  rates. 
It  is  understood  that  they  include  insurance. 

The  average  rail  freight  during  the  war  from  Atlantic  seaboard 
to  consumer  was  probably  about  $3  per  long  ton. 

STTMMABY  OF  COST  OF  FOREIGN  ORES. 

Assembling  the  foregoing  figures,  we  have  a  total  estimated 
average  cost  for  ore  delivered  at  the  furnace  in  1918  of  $23.50  for 
Cuba  and  $30  for  Brazil.  On  a  unit  basis  this  would  be  62  cents 
for. Cuba  (for  ore  containing  38  per  cent  manganese)  and  67  cents 
for  Brazil  (for  ore  containing  45  per  cent  manganese). 

DISCUSSION'  OF  FUTURE  POSSIBILITIES. 

Before  the  war  such  ore  as  was  shipped  from  Cuba  was  of  a  higher 
grade  than  that  mined  during  the  war,  and  was  sold  at  the  Atlantic 
seaboard  for  $10  to  $12  per  ton,  or  for,  say,  $8  to  $10  per  ton  into  ship 
at  a  Cuban  port.  This  was  very  close  to  the  average  cost  at  that 
time.  It  is  not  likely  that  the  cost  of  ore  from  Cuba  will  drop  in 
the  future  much  below  $11  to  $12,  but  it  is  certain  that  ocean  freights 
will  drop  materially,  not  improbably  to  the  pre-war  figure. 

On  this  assumption  we  may  expect  to  see  Cuban  ores  reach  the 
United  States  Atlantic  seaboard  in  the  not  remote  future  at  a  cost 
of  about  $13.50,  or,  say,  $16.50  a  ton  delivered  at  the  furnace  if  the 
United  States  rail  freight  is  not  reduced.  The  quality  of  the  ore, 
in  order  to  be  saleable,  will  have  to  be  better  than  it  was  during 
1918.  If  it  contains  an  average  of,  say,  41  units  of  manganese, 
the  estimated  future  cost  delivered  to  the  furnace  becomes  40  cents 

» 

per  unit. 

The  Brazilian  problem  is  somewhat  more  complicated,  as  it  is 
uncertain  what  will  be  done  by  the  Brazilian  Federal  and  State 
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Gtovemments  with  regard  to  the  present  high  taxes.  Other  Brazilian 
costs  will  probably  not  be  much  reduced.  If  we  assume  that  the 
taxes,  which  in  1918  amoimted  to  practically  $5  per  ton,  are  reduced 
two-thirds,  the  estimated  average  cost  of  $15  becomes  $11.67,  or 
say  $1 1 .50  to  include  some  possible  slight  reduction  in  other  directions. 
It  is  interesting  to  compare  this  estimate  with  the  selling  price 
of  Brazilian  ores  at  Rio  de  Janeiro  in  former  years,  whichl  were  as 
follows: 

Selling  prices  of  Brazilian  ores  at  Rio  de  Janeiro,  1914^1918, 

Selling  price   Approximate 
Year.  per  ton,  ries.  equivalent. 

1914 22,1000  17.50 

1915 29,1000  10.00 

1916 55,1000  13.50 

1917 93,1000  23.25 

1918 117,1000  29.25 

The  real  difference  in  the  future  will  come  in  the  matter  of  ocean 
freights.  If  these  drop  to  nearly  their  former  level,  it  should  be 
possible  to  deliver  Brazilian  ores  to  the  United  States  consumer  for 
approximately  $18.50  per  ton.  This  figure  includes  $13.50  for  cost 
into  ship  at  Rio  de  Janeiro,  $3  ocean  freight,  $1,  say,  for  insurance, 
and  $3  for  United  States  rail  freight  to  the  furnace. 

Brazilian  ores  reaching  this  country  were  formerly  of  higher  grade 
than  those  imported  during  the  war.  If  the  grade  now  improves 
slightly,  say  to  46  per  cent  manganese,  the  estimated  average  future 
unit  cost  becomes  40  cents. 

Thus  it  may  fairly  be  expected  that  both  Brazilian  and  Cuban 
ores  can  before  long  be  delivered  to  the  United  States  consumer  for 
about  40  cents  per  unit.  At  an  equal  price,  Brazilian  ore  will  always 
have  the  preference  owing  to  the  higher  content  of  metallic  man- 
ganese. 

COMPABISOlSr   OF   DOMESTIC   AND  FOBEIGIT  COSTS. 

The  estimated  average  costs  for  manganese  ores,  per  long  ton  de- 
livered to  the  consumer,  are  compared  in  the  following  table: 

Estimated  average  costs  of  manganese  ores  delivered  to  the  consumer  during  1918  and  in 

tJiefuture, 


Kind  of  ore. 


Domestic: 
Carbanates 
Oxides.... 

Foreign: 

Cuba 

BrasU 


Estimated  average  cost  during  1918. 


Cost  per 
long  ton. 


$16.35 
29.70 

23.50 

saoo 


Average 

mangimese 

content, 

percent. 


36.5 
41.0 

38.0 
45.0 


Cost  per 
unit,  cents. 


45.0 
7a7 

62.0 
S7.0 


Estimated  average  cost  in  the  future. 


Cost  per 
long  ton« 


tl4.75 
84.65 

16.50 
18.50 


Average 

manganese 

content, 

percent. 


8&5 
41.0 

41.0 
46.0 


Cost  per 
unit,  cents. 


4a4 
60.0 

4ao 

40.0 
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This  comparison  indicates  that  the  oxi(j[e  ores  could  not  compete 
with  foreign  ores  even  when  protected  by  high  ocean  freights.  Had 
foreign  ores  moved  freely  and  been  sold  at  strictly  competitive 
prices,  the  domestic  manganese  industry  could  not  have  developed 
except  perhaps  in  certain  more  favored  districts  in  the  Southern 
States,  and  in  the  Butte  district  (carbonate  ores).  The  urgent 
need  for  diverting  shipping  into  other  channels,  with  the  consequent 
restrictions  and  embai^oes  on  imports,  together  with  the  fixing  of 
high  prices  in  order  to  stimulate  production  to  replace  such  imports, 
created  highly  artificial  conditions  which  practically  removed  the 
element  of  competition.  In  short,  the  ores  had  to  be  had  ''at  any 
price/- 

The  comparison  further  shows  that  when  ocean  freight  rates 
return  to  more  nearly  their  normal  level,  even  the  most  favored 
oxide  ores,  as  well  as  the  carbonate  ores,  will  have  hard  going  in  a 
competitive  field. 

Looking  into  the  more  remote  future,  it  is  not  impossible  that  the 
costs  of  Cuban  and  Brazilian  ores  will  have  to  be  reduced  still  further 
in  order  to  compete  with  Indian  and  Russian  ores,  thereby  placing 
domestic  ores  at  a  still  greater  disadvantage  unless  domestic  costs 
are  correspondingly  decreased. 

It  must  furthermore  be  remembered  that  at  the  same  price  per 
unit  the  higher  grade  ore  will  always  have  the  preference.  This  fact* 
is  reflected  in  the  invariable  sliding  scale  of  prices,  the  higher  price 
per  unit  being  paid  for  the  higher  grade  ore.  In  smelting  manganese 
ore,  not  only  does  it  cost  money  to  melt  and  remove  the  impurities 
as  slag,  but  the  loss  of  manganese  is  more  or  less  directly  propor- 
tionate to  the  volume  of  the  slag.  Domestic  ores,  being  generally  of 
lower  grade  than  foreign  ores,  command  a  lower  price. 

Other  factors  which  militate  against  domestic  ores  in  competition 
with  foreign  ores  are  that  they  are  variable  in  grade  while  foreign 
ores  are  far  more  uniform,  and  their  production  is  irregular  while 
the  foreign  supplies  are  generally  dependable. 


CHAPTER  8.— PRODUCTION  OF  MANGANESE  ALLOYS  IN 

THE  BLAST  FURNACE. 


By  P.  H.  RoYSTBR.  » 


IlTTBODnCTOBT   STATEMENT. 

This  chapter  gives  data  collected  by  the  Bureau  of  Mines  on  the 
operation  of  blast-furnace  plants  in  the  United  States  producing 
manganese  alloys.  This  information  should  be  of  value  to  the  fur- 
nace operator;  certainly,  without  necessarily  agreeing  with  any  gen- 
eralizations and  conclusions  introduced,  he  can  determine  from  the 
data  assembled  in  Table  17  what  has  been  done  by  others  with  raw 
materials  and  furnace  conditions  approximating  his  own,  provided 
comparable  combinations  can  be  foimd  in  the  results  presented. 

The  operation  of  a  blast  furnace  even  for  making  pig  iron  is  highly 
empirical.  Past  furnace  records  and  previous  experience  are  nearly 
as  necessary  to  successful  operation  as  good  coke  and  a  hot  blast. 
As  in  the  past,  the  production  of  manganese  alloys  in  this  coimtry 
has  been  comparatively  small,  and  most  of  the  men  in  charge  of  man- 
ganese furnaces  have  had  relatively  little  experience  on  such  ores. 
Hence,  the  information  obtainable  from  the  few  records  extant  is 
presented  herein  in  considerable  detail,  to  compensate  in  part  for  the 
paucity  of  data  that  can  be  consulted  by  furnace  operators. 

The  attempt  has  been  made  to  have  this  investigation  cover  the 
widest  possible  range  of  materials  and  operating  conditions.  Data 
from  18  furnaces  will  be  found  in  the  tables  following.  The  infor- 
mation was  obtained  in  the  summer  of  1918,  and  includes  every 
furnace  in  blast  that  was  making  manganese  alloys,  with  the  excep- 
tion of  the  furnaces  of  the  Carnegie  Steel  Co.,  and  of  the  Lavino  Co., 
which  were  unwilling  to  cooperate  in  the  investigation.  The  com- 
panies which  by  their  generous  cooperation  have  made  the  report 
possible  are  the  American  Manganese  Co.,  Bethlehem  Steel  Co., 
B.  &  B.  Trading  Co.,  Buffalo  Union  Furnace  Co.,  Colorado  Fuel  and 
Iron  Co.,  John  B.  Guernsey  &  Co.,  Donner  Steel  Co.,  E.  E.  Marshall, 
Miami  Metals  Co.,  New  Jersey  Zinc  Co.,  Seaboard  Steel  &  Manganese 
Corporation,  Southeastern  Iron  Corporation,  and  Wharton  Steel  Co. 

>  Assistant  physicist  of  the  Bureau  of  Mines,  with  headquarters  at  the  mining  experiment  station  at 
Minneapolis,  Minn.  The  investigation  reported  in  this  chapter  was  made  in  cooperation  with  the  School 
pt  Mines  of  the  University  of  Minnesota. 
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The  18  furnaces  investigated  have  been  assigned  letters  and  are 
designated  throughout  this  report  by  these  letters.  The  physical 
dimensions  of  14  of  these  furnaces  are  given  in  Table  16  following. 

Table  1G. — DimenHans  of  14  of  the  18  blast  furnaces  investigated. 

[All  dimensions  in  feet.] 


Furnace. 

Distance 

from 

stock 

line  to 

tuydres. 

Bosh 
diam- 
eter. 

Hearth 
diam- 
eter. 

Stock- 
line 

diam- 
eter. 

Distance 

from 

tuytees 

to  hearth 

bottom. 

Bosh 
height. 

A 

62.1 
65.0 
66.2 
55.8 
63.6 
67.8 
63.0 
63.0 
65.3 
67.4 
63.0 

.^n 

66.0 

13.4 
1.6.5 
14.3 
14.8 
16.0 
15.2 
18.0 
17.0 
18.6 
18.3 
18.6 
17.7 
17.6 
10.0 

8.8 

9.5 

9.5 

9.5 

10.0 

10.5 

11.5 

12.5 

12.6 

13.0 

13.2 

11.0 

12.6 

13.0 

10.0 
10.0 
10.0 
12.5 
13.6 
13.0 
12.5 
12.5 
14.5 
13.0 
12.9 
13.0 

5.0 

n 

8.3 
6.5 
7.6 
8.3 
6.7 
7.6 
15.9 
6.0 

6.3 
6.0 

8.8 

B 

11  2 

C 

0.3 

D 

17.7 

E 

n^ 

F 

G 

12.1 

H 

12.8 

I 

12.0 

J 

12.5 

K 

14.0 

0 

11.9 

Q 

12.5 

ii: :.::..::.: :::...:::;:::::: 

12.5 

COILECTIOlSr   OF   DATA. 


On  every  visit  of  the  Bureau  of  Mines  field  party  to  the  different 
furnaces  the  companies  have  opened  for  inspection  all  the  furnace 
records,  charge  sheets,  and  chemical  analyses  in  their  possession. 
Periods  of  ten  days'  continuous  operation  were  selected  during  which 
the  various  factors  of  blast  temperature,  silicon  in  the  alloy,  man- 
ganese in  the  slag,  etc.,  were  relatively  constant,  and  all  the  figures 
applicable  to  such  a  period  were  copied  and  averaged.  The  average 
figures  for  such  10-day  periods  constituted  the  data  on  a  single 
"experiment"  or  *'run."  The  guiding  principle  in  the  selection  of 
the  experimental  periods  was  to  cover  the  extreme  range  of  furnace 
conditions;  for  example,  operation  with  high  and  low  grade  ores,  and 
with  both  high  and  low  blast  temperature. 

COMPUITENSSS. 

The  information  obtainable  without  undue  trouble  from  a  blast 
furnace  includes  the  chemical  analyses,  the  physical  condition,  and 
the  weights  of  the  ores,  stone,  coke,  coal,  scrap,  and  wind  charged  and 
of  slag,  metal,  dust,  gas  and  scrap  produced,  with  the  temperature 
observable  in  the  hearth,  the  temperature  of  the  blast  entering  the 
furnace,  and  the  temperature  of  the  metal,  alag,  and  gas  coming  out 
of  the  furnace.  Even  with  the  aid  of  such  data,  it  is  seriously  to  be 
doubted  whether  anything  like  a  complete  description,  of  what  takes 
place  in  a  furnace  can  be  given.  In  the  present  investigation,  the 
data  obtained  fell  short  of  what  must  be  considered  essential  to  a 
complete  imderstanding  of  the  smelting  problem.  Information 
regarding  gas  analyses,  moisture  in  the  blast,  the  amoimt  and  the 
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analysis  of  the  dust  blown  from  the  furnace  was  not  obtamable  in  any 
case.  Analyses  of  coke,  by  far  the  most  important  single  analysis  in 
the  whole  group,  were  rather  fragmentary.  Furthermore,  the  custom 
of  limiting  the  slag  analysis  to  a  determination  of  silica,  alumina,  and 
manganese  is  widespread.  Naturally  no  measurements  of  metal, 
slag,  or  tuySre  temperatures  had  been  made  by  the  companies;  nor 
had  any  gas  analyses  been  taken,  save  in  one  case.  The  bureau's 
field  party  made  a  limited  number  of  such  temperature  measiure- 
ments  at  six  furnaces  and  determined  also  the  CO  and  CO,  contents 
of  the  gas  at  five  furnaces.  On  the  whole,  however,  the  information 
was  far  from  complete. 

ACCTJBACY. 

Aside  from  purely  analytical  errors,  the  applicability  of  any  given 
analysis  is  questionable  for  two  reasons:  (a)  The  sample  analyzed 
may  not  have  been  representative  of  the  pile  or  car  from  which  it  was 
taken;  (J>)  the  furnace  records  failed  to  give  any  connecting  link 
between  car  and  pile  analysis  and  the  material  charged  on  any  given 
day.  Coke  was  charged  by  volume  and  not  by  weight,  making  diffi- 
cult an  estimation  of  the  weight  of  carbon  charged.  It  is  obvious  that 
greater  accuracy  would  be  obtained  from  experimental  periods  taken 
over  a  whole  month  or,  better,  six  months.  It  must  be  remembered, 
however,  that  differences  in  operating  conditions  were  being  sought 
and  long-period  averages  flatten  out  most  of  the  variations  from 
which  it  was  hoped  to  obtain  information. 

In  a  number  of  runs,  it  was  possible  to  obtain  samples  of  slag, 
metal,  stone,  and  ore,  which  were  reanalyzed  by  the  bureau's  chemists. 
No  detailed  comparisons  are  given  here  but  the  combined  effect  of  all 
the  differences  iivthe  analyses  introduces  in  the  manganese  balance 
an  average  uncertainty  of  about  15  per  cent.  Even  if,  therefore,  the 
blast  furnace  were  a  precise  and  sensitive  heat  engine  with  a  number 
of  definite  relations  existing  between  its  operating  quantities,  it  is 
not  to  be  hoped  that  these  relations  could  be  determined  from  the 
kind  and  quantity  of  data  collected  here. 

TABULATED   OPEBATHSTG   DATA. 

Data  on  ferromanganese  production  were  obtained  from  11  fur- 
naces, and  are  presented  in  Table  17  in  the  form  of  40  10-day  periods. 
Similiar  data  from  10  furnaces  making  speigeleisen  are  presented  in 
Table  18,  in  the  form  of  30  10-day  periods.  The  data  in  these  tables 
are  classified  under  23  items  as  applied  to  each  of  the  70  periods. 

Items  1,  2,  2a,  and  3  give  figures  on  the  ore,  coke,  coal,  and  stone 
charged,  the  units  being  in  pounds  per  ton  of  2, 240  pounds  of  alloy 
made.  Items  4,  5,  and  6  give  a  partial  analysis  of  the  ore  mixture. 
Item  7  shows  the  tons  of  alloy  made  in  24  hours  (not  including  scrap 
made) .  Item  8  gives  the  slag  weight  as  calculated  by  the  bureau  and  is 
a  rather  uncertain  quantity.  Two  methods  of  calculating  the  weight 
of  the  slag,  both  of  which  should  give  the  same  answer,  are  as  follows: 


TABULATED  OPERATING  DATA.  Ill 

If  a==per  cent  base  in  stone, 

6^^eight  of  stone, 

<^=per  cent  base  in  slag; 
assuming  there  is  no  appreciable  base  in  the  coke  or  ore«  then 

Slag  weight==-^  (1) 

Method  g. 
If  (2=per  cent  silica  in  ore 

€=weight  of  ore 

/=per  cent  silica  in  stone 

y:=weight  of  stone 

fc=per    cent  silica  in  coke 

i=weight  of  coke 

j=0  .478  X  per  cent  silicon  in  metal 

2;=per  cent  siUca  in  slag,  then    ' 

Slagweight=*±^f^"  (2) 

On  account  of  the  various  errors  and  omissions  in  the  weights  and 
analyses  involved;  it  is  unusual  to  find  any  close  agreement  between 
the  results  of  the  two  equations;  in  some  computations  the  slag 
weight  may  be  given  as  2,500  pounds  by  equation  1  and  as  3,500 
poimds  by  equation  2.  Each  value  under  item  8  is  the  average  of  the 
two  answers  resulting  from  equations  1  and  2. 

Metal  analyses  for  Mn  and  Si  are  given  by  items  9  and  10.  The 
largest  disagreement  in  checking  manganese  in  the  metal  was  10  per 
cent,  and  in  checking  Si,  1.1  per  cent.  Values  for  the  temperature  of 
the  blast  and  of  the  top  gas  appear  in  items  11  and  12.  For  a  given 
furnace,  these  have  some  significance.  A  comparison  of  figures  for 
different  furnaces  should  be  made  cautiously,  however.  At  some 
furnaces,  the  pyrometer  will  indicate  a  blast  temperature  of  1650°  F. 
with  a  black  blowpipe;  at  others  the  pyrometer  will  show  only  1350** 
F.  with  a  red-hot  blowpipe. 

Still  less  importance  should  be  attached  to  the  wind  blown  per 
minute  as  given  by  engine  displacement  in  item  13.  In  period  1 
on  furnace  A  12  pounds  of  carbon  per  minute  was  charged  and  12,870 
cubic  feet  of  air  per  minute  indicated.  This  is  105  cubic  feet  of  air 
per  pound  of  carbon.  Even  with  no  carbon  blown  out  as  dust, 
none  taken  up  by  the  metal,  and  none  absorbed  in  the  stack,  this 
means  a  tuydre  combustion  producing  35  per  cent  CO,,  which  19 
impossible. 

Items  14  to  18  show  the  slag  analysis.  In  a  ntmiber  of  calcular 
tions  the  lime  and  magnesia  had  to  be  computed  together  by  differ- 
ence. Item  19  gives  the  fixed  carbon  in  the  coke  and  coal  charged 
per  ton  of  metal.  Items  20  to  23  give  the  manganese  balance. 
Item  23  shows  the  percentage  of  the  manganese  not  accoimted  for  by 
that  in  the  metal  and  in  the  slag.  This  figure  includes  practically  eveiy 
error  in  weights,  analyses,  and  computations  in  the  preceding  22 
items  and  is  undoubtedly  the  least  satisfactory  figure  in  the  table: 
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DISCUSSION   OF   DATA   OV  FERROMAVOAHESE   PBAGTICE. 

GENERAL  DESCBIFTION  OF  FEBBOICAKGAMESE  PBODUCTIOir. 

No  specific  information  on  the  production  of  ferromanganese  in 
the  blast  fujnace  is  available  in  technical  literature.  Certain  prin- 
ciples are  generally  understood  to  be  true;  these  probably  being: 
(a)  The  blast  temperature  should  be  high,  (b)  the  slag  should  be 
basic,  (c)  the  hearth  temperature  should  be  high. 

HIGH  BLAST  TEMPERATURE. 

Table  17  shows  that  temperatures  as  low  as  735®  F.  hare  been 
used.  The  temperature  for  all  40  runs  was  only  1,135°  F.  In  1876, 
ferromanganese  was  made  at  the  Diamond  fumaccj  Cartersville,  Ga.<^ 
A  cold  blast  driven  by  a  water  wheel  through  a  single  3-inch  tuyire 
was  employed.  In  making  a  ton  of  55  per  cent  ferromanganese, 
6,050  pounds  of  siliceous  native  ore,  with  35  per  cent  Mn,  was  used, 
indicating  a  58  per  cent  recovery.  Comparing  this  with  period  22, 
furnace  J,  Table  12,  where  a  manganese  recovery  of  only  55  per  cent 
was  made  with  1,100°  F.  blast  temperature  and  a  35  per  cent  ore,  it 
will  be  seen  that  whatever  economy  results  from  the  hot  blast,  it  has 
not  been  found  at  all  necessary  to  actual  and  profitable  operation. 

BASIC   SLAG. 

The  average  ferromanganese  slag  represented  in  Table  17  has  the 
composition  41.7  per  cent  base,  14  per  cent  alumina,  28.1  per  cent 
silica,  and  10.6  per  cent  manganese.  The  average  pig-iron  slag^ 
nms  48.7  per  cent  base,  13.1  alumina,  and  35.3  silica.  If  a  ''more 
basic  slag"  means  that  the  percentage  of  base  is  greater,  then  the 
f erro  slag  is  7  per  cent  less  basic  than  the  pig-iron  slag.  This  method 
of  comparison,  however,  is  hardly  proper.  The  function  of  the  ferro 
furnace  is  to  reduce  the  MnO  from  the  slag  and  leave  a  practically 
irreducible  calcium  and  magnesium  aluminosilicate.  Thb  reduction 
is  never  complete.  What  actually  exists  may  be  considered  to  be 
reducible  MnO  as  a  solute  dissolved  in  the  quartemary  mixture  of 
irreducible  oxides  (CaO,  MnO,  Al^O,,  SiO,)  as  a  solvent.  It  is  the 
composition  of  the  solvent  that  will  affect  the  extent  of  the  MnO 
reduction  reaction.  Compared  on  the  basis  of  base  +  alumina  +sil- 
ica  =100  per  cent,  the  two  slags  analyze  as  follows: 

Analysis  ofpig-ircn  slag  and  of  ferromanganese  slag. 

Faro- 
rig  iron,    fiiiincniww. 

Bases per  cent. .  50. 3       49. 8 

Alumina do. ...  13. 4       16. 7 

Silica do. . . .  35. 3        33. 5 

a  Ward,  W.  P.,  Manufacture  of  forromanganese  In  tho  blast  furnace:  Trans.  Am.  Inst.  Mln.  Eng.,  toI.  5, 
Tebruary,  1876,  p.  611. 

b  Feild,  A.  L.,  and  Royatcr,  P.  H.,  8Iag  viscosity  tables  for  blast-fumkce  work:  Tech.  Paper  187*  Bqraea 
of  nines,  1018,  p.  17. 
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• 

The  percentage  of  bases  is  identical  for  the  two  slags.  The  only- 
difference  is  that  the  f erromanganese  slag  carries  a  little  more  alumina 
and  a  little  less  SiOj.  This  difference,  moreover,  is  due  to  the  charac- 
ter of  the  materials  used  and  is  not  the  result  of  any  metallurgical 
design. 

HIGH    HEARTH   TEMPERATURE. 

At  furnaces  A,  B,  F,  I,  J,  and  K,  temperatures  were  taken  by  means 
of  several  Leeds  &  Northrup  optical  pyrometers,  with  telescope  sighted 
(1)  through  the  tuyfires  both  with  and  without  a  tuyfire  glass  inter- 
posed; (2)  on  the  surface  of  the  slag  at  flush;  and  (3)  on  the  surface 
of  the  metal  at  cast.  As  was  to  be  expected,  the  temperatures  ob- 
served opposite  the  tuyfires  varied  over  a  rather  wide  range.  To 
indicate  the  normal  temperature  variation  in  practice,  the  following 
comparison  was  made:  Two  hundred  individual  readings  taken  at 
seven  furnaces,  chosen  to  give  a  minimum,  averaged  1,438°  C.  These 
measurements  at  each  furnace  were  read  by  at  least  two  observers, 
with  either  two  or  three  separate  pyrometer  sets,  through  two  or 
more  tuyferes,  and  at  five  well  separated  periods  of  time  scattered 
through  two  to  five  days.  The  same  sort  of  an  average  selected  to 
give  a  maximum  read  1,663°  C.  The  difference  between  the  maxi- 
mum and  minimum  here  can  not  well  be  attributed  to  any  unusual 
furnace  operation  or  to  errors  of  observations  or  to  instrumental 
errors.  In  the  face  of  these  figures,  it  must  be  accepted  that  as  fur- 
naces are  run  at  present,  a  day-to-day  variation  of  225°  C.  in  hearth 
temperature  is  not  abnormal. 

Laboratory  tests  strongly  indicate  that  1,265°  C.  is  the  lowest 

temperature  at  which  MnO  is  reducible  by  either  carbon  or  carbon 

monoxide.     The  lowest  practical  hearth  temperature  therefore  may 

safely  be  set  at  1,350°  C.     Superpose  a  variation  of  225°  C.  on  this 

minimum  and  the  limits  read  1,350°  and  1,575°  C.     The  maximum 

tuydre  readings  at  the  hottest  furnace  observed  averaged  1,750°  C. 

The  minimum  readings  at  the  coldest  furnace  observed  averaged 

1,375°  C.     Where  a  temperature  phenomenon  such  as  this  covers 

almost  the  whole  range  of  practicable  metallurgical  temperatures, 

there  is  no  room  left  on  the  temperature  scale  which  the  ferro  furnace 

can  monopolize  as  exclusively  its  own.     Average  temperatures  taken 

on  these  seven  furnaces  were  approximately  as  foDows,  the  tuyfire 

readings  being  corrected  for  the  absorption  by  the  tuyfire  sight  glass 

when  present  and  the  temperature  of  the  metal  and  slag  corrected 

for  emissivity  as  given  by  Burgess:  *» 

•c. 

Temperature  opposite  tuyeres 1, 550 

Temperature  of  metal  at  cast 1, 386 

Temperature  of  slag  at  flush 1, 426 

a  Burgess,  G.  K.:  Temperature  measurements  In  Bessemer  and  open-hearth  practice:  Bureau  of  Stand- 
ards Technologic  Paper  91, 1917,  pp.  8-9. 
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It±&UMt  OF   CONDmOKS   IN   FESBOMANGANEBE  FURNACE. 

It  has  been  shown  that  in  changing  a  fomace  over  fronn  iron  to 
ferromanganese  it  is  neither  necessary  nor  usual  to  raise  the  blast 
temperature,  to  increase  the  basicity  of  the  slag,  or  to  run  with  a 
hotter  hearth. 

True,  there  are  certain  resultant  changes  in  the  practice,  the  most 
important  one  being  that  the  coke  requirements  are  tripled.  The 
daily  tonnage  is  reduced  to  about  one-third;  the  top  temperature 
rises  to  about  1,000°  to  1,500°  F.;  the  carbon  monoxide  content  of 
the  top  gas  is  increased  about  50  per  cent;  and  the  blast  pressure 
drops  to  3  to  8  pounds  per  square  inch.  The  operation  of  the  furnace 
becomes  easier;  stock  descends  without  hanging,  slips  become  infre- 
quent, fewer  tuy&res  burn  out,  sulphur  is  taken  care  of  completely 
as  MnS  in  the  slag,  and  further,  there  are  no  silicon  requirements  to 
be  met.  All  fiumace  difiKculties  practicaUy  resolve  themselves  into 
one  problem — to  get  into  the  metal  the  maximum  percentage  of  the 
manganese  chained. 

THEORY  AS  TO  FUEL  BSQUIBEHENT8  FOB  PBODUCINO  FEEBO- 

MANGANESE. 

A  number  of  heat  balances  with  values  in  B.  t.  u.  have  been  pub- 
lished on  the  iron  furnace,  but  it  seems  hardly  justifiable  to  construct 
a  heat  balance  for  the  f erro  furnace  for  comparison,  for  the  follow- 
ing reasons :  At  room  temperature,  the  heat  of  combustion  of  C  +  O, 
to  COj  is  either  4,250  or  4,430  B.  t.  u.  per  pound  of  C;  at  1,500''  C. 
it  is  either  4,550  or  4,950  B.  t.  u.,  depending  on  the  authority  selected. 
There  is  a  wide  lack  of  agreement  among  the  few  existing  determina- 
tions of  the  heat  of  combustion,  and  greater  lack  of  agreement  arnoi^ 
the  experimental  values  for  the  specific  heat  of  carbon,  of  oxygen, 
and  of  CO.  At  600^  C.  the  specific  heat  of  carbon  may  be  0.31  or 
0.44.  At  metallurgically  interesting  t^nperatures  (betwe^i  1,400^ 
and  1,800^  C),  the  discrepancy  in  figures  for  the  total  heat  of  carbon 
is  about  30  per  cent. 

The  specific  heat  of  CO  and  of  N^  at  1,600''  C.  may  be  either  0.266 
or  0.298.  For  the  iron  furnace  the  heat  imparted  to  the  gaseous 
products  of  reaction  per  pound  of  metal  is  either  972  or  1,280  B.  t.  u. 
The  rise  in  temperature  of  gases  above  that  of  the  burning  coke  is, 
therefore,  either  696°  or  1,070°  F.,  54  per  cent  discrepancy.  The 
continued  reprinting  of  some  arbitrarily  selected  figure  for  the  neces- 
sary thermal  constants  is  both  practicaUy  imd  scientifically  objec- 
tionable and  tends  almost  invariably  to  erroneous  conclusions. 

It  is  possible,  however,  to  give  an  idea  of  the  reason  for  the  differ- 
ence between  the  fuel  requirements  of  the  iron  and  those  of  the 
ferromanganese  furnace  and  yet  avoid  excessive  accumulation  of 
meaningless  B.  t.  u.  figures.     The  comparison  following  is  of  interest. 
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Comparative  operating  data  for  pig  iron  furnace  and  for  ferromanganese  furnace. 

Pis  iron.  Ferromansanese. 

Carbon  chaiged,  pounds 1,  727  5, 524 

Stone  chained,  pounds 984  2,349 

Slag,  pounds  per  ton 1, 160  3, 196 

GflsanalyBiB: 

CO,  (by  weight),  percent 21.43  10.44 

CO,    per    cent 23.13  31.00 

N,  percent 55.02  58.36 

Blast  temperature,  °C 555  613 

Top  temperature,  **C 204  363 

The  figures  for  the  iron  furnace  are  the  averages  for  eight  of  the 
largest  blast  furnace  plants  in  the  country.  The  figures  for  the 
ferro  furnace  are  the  averages  from  Table  17.  The  calculations  of 
the  weight  of  the  blast  and  of  the  gas  and  the  determination  of  the 
amoimt  of  carbon  absorbed  by  CO,  and  that  burned  at  the  tuydres 
for  the  ferro  furnace  are  given  in  Table  19  following. 

Table  19. — Selected  data  on  operation  offerromanganese  blast furruKes. 

rounds. 
Carbon  diaiged  per  ton  of  alloy. •  5, 523 

Carbon  combined  with  metal  (6.5  per  cent  C) 145 

Carbon  blown  out  of  stack  as  dust  (9.6  per  cent  assumed) 530 

Carbon  available  as  fuel 4,  848 

Carbon  from  COj  in  stone 263 

Total  carbon  gasified 5,  111 

Carbon  in  top  gas  by  weight,  per  cent 0. 1615 

Top  gas  weight  (per  ton  of  alloy:  5, 111-1-0.1615) 31, 647 

Weight  of  Na  in  top  gas:  (0.5836X31,647) 18, 469 

Weight  of  air  blast:  (18,469^-0.7672) 24,073 

Wd^tofOsin  blast:  (24,073X0.2310) 5,561 

Weight  of  carbon  burned  at  tuyeres:  (5,561-^1.333) 4, 172 

Carbon  absorbed  in  stack  (4,848-4,172) 576 

The  two  most  important  thermal  reactions  in  the  blast  furnace  are: 

(1)  C  +  0  =  CO +  4,450  (or  4,950)  B.  t.  u.  per  pound  of  C 

(at  1,600^0. 

(2)  CO3  +  C  =  2CO  +  5,410  (or  5,900)  B.  t.  u.  per  pound  of 

C  (at  850^  to  1,300°  C). 

In  reaction  1  both  the  carbon  and  the  oxygen  are  supposed  to  be 
at  the  temperature  of  the  solid  stock  in  the  combustion  zone.  As 
already  shown  this  temperature  is  probably  1,550°  C.  for  the  ferro 
furnace  and  1^590°  C«  for  the  iron  furnace.  Subtracting  from  the 
total  heat  of  the  reaction  sufficient  heat  to  bring  the  blast  up  to 
the  temperature  of  the  solid  stock  in  the  cx>mbustion  zone  gives  a 
net  heat  to  the  gaseous  product  of  reaction  of  972  (or  1,280)  B.  t.  u. 
per  pound  of  metal  made  for  the  iron  furnace  and  of  3,690  (or  4,800) 
B.  t.  u,  for  the  ferro  furnace. 
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In  the  ferro  furnace,  either  in  the  hearth,  at  the  tuyferes,  or  just 
above  them  all  the  manganese  in  the  metal  was  reduced  from  MnO, 
All  of  the  CO2  resulting  from  this  reduction  is  itself  reduced  by  solid 
carbon  to  CO;  there  is  involved  in  this  reaction  0.218  pound  of  car- 
bon per  pound  of  metal,  resulting  in  a  loss  of  1,180  (or  1,290)  B.  t.  u., 
leaving  2,500  to  3,500  B.  t.  u.  to  be  used  in  heating  the  ascending 
gas  above  the  temperature  of  the  solid  stock.  The  ferro-fumace  gas 
weighs  12.6  pounds  per  poimd  of  metal  and  the  iron-furnace  gas 
4.2  pounds.  Hence,  in  the  ferro  furnace  the  amount  of  heat  avail- 
able for  raising  the  temperature  of  the  gases  is  two  to  three  times 
greater  than  in  the  iron  furnace,  and  the  weight  of  gas  to  be  heated  is 
three  times  as  great.  The  rise  in  temperature,  therefore,  is  either 
the  same  or  less  in  the  ferro  furnace  than  in  the  iron  furnace. 

It  is  unwise  to  go  here  into  any  detailed  consideration  of  why  it 
is  necessary  to  heat  the  ascending  gas  to  this  rather  definite  but 
somewhat  unknown  elevation  above  the  temperature  of  the  descend- 
ing stock.  It  may  be  pointed  out,  however,  (a)  that  some  250  tons 
of  solid  stock  must  be  heated  from  70°  F.  to  above  2,800°  F.  in  24 
hours;  (b)  that  the  greater  part  of  this  stock,  being  coke  and  mineral 
oxides,  has  a  low  thermal  conductivity;  (c)  that  the  ascending  gas 
stream  does  not  have  a  chance  to  flow  around  every  separate  piece 
of  coke,  stone,  and  ore;  and  (d)  that  the  transfer  of  heat  from  gas  to 
solid  is,  under  the  most  favorable  conditions,  a  slow  process.  In 
order  to  heat  the  stock  in  the  required  time,  therefore,  the  gases  must 
at  every  point  in  the  furnace  be  appreciably  hotter  than  the  stock; 
and  this  means  not  several  degrees  hotter  but  several  himdred  degrees 
hotter.  Thus,  the  4,165  pounds  of  carbon  burned  at  the  tuyferes 
in  the  ferro  furnace  gives  the  gas  stream  no  greater  temperature 
elevation  above  the  solid  stock  than  does  the  1,386  pounds  burned 
in  the  iron  furnace. 

COMPOSITION  OF   FURNACE  GAS. 

At  five  furnaces  samples  of  downcomer  gas  were  taken  and  analyses 
made  for  the  CO  and  COj  contents.  The  results  obtained  were  some- 
what variable  but  indicated  a  distinct  tendency  toward  what  might 
be  called  a  normal  composition. 

As  regards  oxygen  the  evidence  was  that  the  true  furnace  gas 
contains  no  oxygen.  Well  taken  samples  showed  0.0  to  0.2  per  cent. 
It  was  felt,  however,  that  this  oxygen  could  be  safely  attributed  to 
leakage  of  air  into  the  sample.  Where  the  conditions  of  sampling 
permit  the  chance  of  contamination  by  the  atmosphere,  the  oxygen 
content  might  be  as  high  as  1.0  per  cent. 

The  CO3  content  varied  between  the  extreme  limits  of  11.6  and 
3.5  per  cent,  with  averages  for  the  five  furnaces  of  6.7,  7.6,  7.1,  5.9, 
and  6.0  per  cent.    The  CO  content  varied  from  25.0  to  38.0  per  cent, 
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with  averages  for  the  five  furnaces  of  31.8,  34.2,  30.9,  30.0,  and  31.0 
per  cent.  The  average  analysis  for  the  five  furnaces  was  COj,  6.67 
per  cent;  CO,  31.7  per  cent. 

Moissan**  records  an  analysis  of  gas  from  a  furnace  making  60 
per  cent  ferromanganese  as  CO3,  5.5  per  cent;  CO,  30.0  per  cent. 
This  run,  made  in  1876,  was  one  of  the  earliest  attempts  at  the 
production  of  manganese  in  blast  furnaces. 

The  analyses  of  the  gas  from  nine  of  the  largest  iron  blast  furnace 
plants  in  the  country  show  the  following  CO  and  CO,  percentages: 

Percentages  of  CO  and  of  CO2  in  gaafrom  nine  iron  blastfurnace  plants, 

C0|  CO. 

Furnace  1 12. 6  26. 0 

Furnace  2 13. 2  25. 4 

Furnace  3 13. 0  24. 3 

Furnace  4 : .  16. 3  22. 8 

Furnace  5 14. 3  24. 3 

Furnace  6 14.  9  23. 5 

Furnace  7 15. 6  23. 2 

Furnace  8 : 14. 6  24. 9 

Furnace  9 13. 3  25. 4 

The  average  complete  analysis  of  the  nine  samples  is: 

Average  analysis  of  gas  from  nine  iron  blast  furnaces. 

Per  cent      Per  cent 
by  volume,  by  weight.  ' 

COa 14.34  21.43 

CO 24.32  23.13 

Cn^ 36  .20 

Ha 3.16  .22 

Nj 57.82  55.02 

Assuming  from  lack  of  better  information  that  the  H3  and  CH^  con- 
tent of  the  gases  of  the  ferro  furnace  is  the  same  as  that  of  the  iron 
furnace,  and  estimating  the  Nj  by  difference,  the  analysis  by  volume 
and  by  weight  of  ferro  gas  is: 

Assumed  average  analysis  of  gas  from  nine  ferro  furnaces. 

Per  cent      Per  cent 
by  volume  by  weight.     . 

CO2 6.67  10.44 

CO 31. 17  31. 00 

CH4 36  .17 

Hj 31.6  .21 

Na 58.64  58.18 

"direct''  and  ''iXDIRECT"  REDUCTION. 

In  Table  19,  the  weight  of  the  furnace  gas  is  calculated  to  be 
31,647  pounds  per  ton  of  metal,  which  means,  from  the  above 
analyses,  3,300  pounds  of  CO,.     The  CO3  from  2,341  pounds  of  the 

-----  I  —  -  —  ^^^— ^ 

a  Hoissan,  H.  H.,  Le  manganese  et  ses  composes,  Encl.  Chlmique,  1886,  p.  26. 
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stone  is  968  pounds,  from  the  reduction  of  190  pounds  of  FcjOj,  156 
pounds,  and  from  the  reduction  of  3,770  poimds  of  MnO,  to  MnO 
by  CO,  1,885  pounds;  total,  3,009  poxmds.  This  indicates  a  9.56  per 
cent  CO2 content  in  the  gas  as  against  10.44  percent  given  on  page  121. 
There  is  left  291  poimds  of  COj,  which  may  be  due  to  reduction 
of  MnO  by  CO  in  the  lower  part  of  the  furnace,  to  carbon  deposition 
from  CO  in  the  upper  part  of  the  furnace,  or — ^more  likely — to  ex- 
perimental error  either  in  the  analyses,  or  in  their  application  to  the 
average  practice  given  in  Table  17.  The  evidence  points  closely  to 
a  100  per  cent  reduction  of  MnO  "directly''  by  carbon. 

It  is  well  to  point  out  that  "direct"  reduction  by  carbon  probably 
means  nothing  of  the  kind.  As  in  most  important  metallurgical 
problems,  no  experiment  yet  made  settles  this  question.  It  can  be 
assumed  that  the  reaction: 

MnO+CO  =  Mn+C02  (A) 

is  the  reaction  by  which  the  final  reduction  of  MnO  takes  place  at  a 
temperature  somewhere  between  1,265°  and,  say,  1,400®  C.  At  this 
temperature  the  following  reaction  takes  place,  almost  to  comple- 
tion, and  with  great  rapidity: 

C02  +  C  =  2CO  (B) 

Thus  the  result  of  the  two  reactions  going  on  simultaneously,  although 
not  necessarily  in  the  same  part  of  the  furnace,  gives  the  same  prod- 
ucts as  the  single  reaction:" 

MnO+C  =  Mn-fCO  (C) 

As  A  and  B  together  are  not  distinguishable  from  C  by  any  calcula- 
tion based  upon  gas  analysis,  one  must  be  content  to  realize  that 
either  of  these  two  reactions  may  be  the  one  that  takes  place. 

BXTBDENING  AND  BRIVIKO  THE  FUBNACE. 

It  is  all  very  well  to  apply  to  the  furnace  records  accepted  metal- 
lurgical theory,  but  practically  the  important  thing  is  to  have  at 
hand  something  definite  in  the  way  of  a  guide  to  burdening  and 
driving  the  furnace.  The  foDowing  discussion,  therefore,  is  based 
exclusively  on  the  figures  in  Table  17  and  is  free  from  any  theoretical 
considerations  whatever.  It  is  an  attempt  to  establish  from  the 
whole  mass  of  data  certain  relationships  between  the  23  items  of 
each  nm.  There  are  only  three  factors  that  the  furnace  operators 
can  change  at  will.  They  are  (1)  ratio  of  coke  and  ore;  (2)  ratio  of 
stone  and  ore;  and  (3)  quantity  of  wind  blown  per  minute.  It  is 
assumed  here  that  the  blast  temperature  is  kept  as  high  as  stove 
conditions  permit.  The  number  of  rounds  charged  and  the  tons  made 
per  day  are  decided  by  Uie  furnace  itself.  With  the  above  three 
factors  determined,  there  is  nothing  left  for  the  operator  to  do  but 
7atch  the  furnace. 


DISCUSSION  OF  DATA  ON  FEBROMANGANESE  PBACTICE.        125 

FUEL  REQUIREMENTS. 

Aside  from  the  relatively  constant  amoiint  of  fuel  needed  to  pre- 
heat, reduce,  and  melt  the  metal,  the  amount  of  carbon  fuel  required 
per  ton  of  alloy  should  depend  upon  the  temperature  and  humidity 
of  the  blast,  the  weight  of  the  slag,  and  the  temperature  maintained 
in  the  combustion  zone  and  hearth.  That  is,  there  should  exist  a 
relationship  between  five  variables.  In  an  attempt  to  determine 
this  relationship  from  the  data  taken,  the  question  of  humidity  must 
be  dismissed  from  consideration,  not  necessarily  because  it  is  an  un- 
important factor  but  because  no  information  is  available  concerning 
it  In  the  matter  of  hearth  temperatures,  no  direct  measurements 
are  at  hand;  the  pyrometer  observations  made  by  the  bureau's  in- 
vestigators covered  too  short  a  period  to  prove  of  material  assistance 
at  this  stage  of  the  investigation.  In  a  general  sense  the  silicon  in 
the  alloy  may  be  regarded  as  a  thermometer,  but  for  a  given  hearth 
temperature  the  amount  of  silica  reduced  to  silicon  undoubtedly  de- 
pends on  a  number  of  other  factors,  including  probably  the  composi- 
tion of  the  slag  and  the  speed  of  operation.  The  best  indication  of 
the  temperature  of  the  hearth  is  given  by  the  amount  of  unreduced 
MnO  in  the  slag. 

The  foDowing  procedure  was  adopted:  The  results  of  the  40  runs 
were  arranged  in  order  of  decreasing  slag  weight  and  placed  in  four 
groups.  The  averages  by  groups  appear  in  the  first  part  of  Table 
20.  The  results  were  also  arranged  in  the  order  of  decreasing  blast 
temperature,  being  again  placed  in  four  groups  and  the  results  aver- 
aged by  groups.  The  averages  are  given  in  the  second  part  of 
Table  20  f  oUowing. 


Table  20. — Results  of  furnace  runs  arranged  to  show  variation  of  carbon  fuel  with  weight 

of  slag  and  with  blast  temperature, 

VARIATION  WITH  WEIGHT  OF  BLAG. 


Blag 
per  ton. 

Corboa 
per  ton. 

Blast 
tempera- 
ture. 

Carbon 
reduced 
to  blast 
tempera- 
ture of 
1,130»  F. 

Pounds. 
4,728 
3,334 
2,004 
2,120 

Pounds. 
0,410 
6,150 
4,830 
4,550 

•JP. 

9go 

1,080 
1,210 
1,220 

Pounds. 
6,224 
6,083 
4,930 
4,670 

VARIATION  WITH  BLAST  TEMPERATURE. 


Blast 

Carbon 

tempera- 

per ton 

ture. 

of  alloy. 

•F. 

Pounds. 

1,358 

4,670 

1,210 

6,100 

1,077 

6,680 

862 

6,400 

Pounds. 
2,700 
3,000 
3,400 
3,900 


Carbon 
reduced 
to3,250 
pounds 
of  slag. 


Pounds, 
6^160 
5,380 
5,530 
5,820 
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By  the  method  of  successive  approximation  it  was  fomid  that 
1  pound  of  extra  slag  requires  0.88  pound  of  carbon,  and  1®  F.  extra 
blast  temperature  saves  1.33  pounds  of  carbon.  Written  in  the 
form  of  an  equation : 

Aa=4170+0.88  F-1.33  T  {!) 

Where 

Aa^poundB  of  carbon  per  ton  of  alloy  used  by  the  avenge  furnace, 
V  =x>onnd8  of  elag  "pei  ton  of  alloy, 
T  sblast  temx)erature  in  degrees  F. 

This  equation  shows,  for  a  given  slag  weight,  for  a  given  blast 
temperature,  and  for  average  humidity,  the  quantity  of  carbon 
required  to  heat  the  materials  in  the  hearth  to  the  average  hearth 
temperature.  As  has  been  shown,  this  temperature  is  probably 
about  1,550^  C,  but  it  is  better  not  to  place  too  much  confidence 
in  this  figure. 

It  is  of  course  possible  to  charge  either  more  or  less  carbon  than 
the  amount  given  by  equation  1,  The  average  hearth  temperature 
used  by  any  given  furnace  operator  means  merely  that  temperature 
found  by  experience,  or  assumed  from  lack  of  experience,  to  be  the 
most  desirable  to  maintain.  If  the  operator  decides  to  use  a  higher 
temperature  in  practice,  the  furnace  can  be  given  **  excess  carbon," 
a  phrase  taken  to  mean  the  carbon  actually  charged  minus  the 
amount  indicated  by  equation  1,  When  excess  carbon  is  used,  the 
percentage  of  manganese  in  the  slag  will  be  lower,  provided  all  the 
other  conditions  remain  constant.  On  the  other  hand,  the  carbon 
charged  may  be  considerably  lower  than  that  given  by  equation  1, 
with  a  resultant  hearth  temperature  lower  than  the  average. 

PERCENTAGE   OF  MANGANESE   IN   SLAG. 

Determination  of  the  percentage  of  manganese  that  goes  into  the 
slag  is  approached  in  the  same  maimer  as  the  problem  of  fuel  require- 
ments, with  the  exception  that  there  must  not  be  any  *'left  over" 
variable  such  as  excess  carbon  over  requirements.  The  operator  can 
at  his  own  free  will  charge  so  little  fuel  that  the  hearth  freezes,  or  he 
can  charge  so  much  fuel  that  he  bankrupts  the  owners.  The  per- 
centage of  manganese  in  the  slag,  however,  is  the  result  of  a  number 
of  metallurgical  phenomena  and  is  definitely  determined  by  the 
actual  furnace  facts. 

The  data  in  Table  17  show  that  the  percentage  of  mcjiganese  in 
the  slag  depended  upon  the  following  factors: 

(1)  The  ratio  of  bases  to  silica  in  the  slag; 

(2)  The  hearth  temperature  as  determined  by  the  excess  or 
deficiency  of  fuel  above  or  below  that  indicated  in  equation  1 ; 

(3)  The  rate  of  driving. 
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RATE   OF   DRIVING. 

Tho  expression  found  most  nearly  to  represent  the  speed  of  oper- 
ation was  the  pounds  of  gross  slag  produced  per  minute  per  square 
foot  of  hearth  area.     Gross  slag  here  means  g 

the  weight  of  slag-forming  materials,  manga- 
nese being  a  slag-forming  material;  that  is, 
the  weight  of  slag  that  would  be  flushed  from 
tho  furnace  if  none  of  the  manganese  was 
recovered  in  the  metal.  There  is  an  implica- 
tion here — probably  warranted — that  the 
MnOj  charged  is  reduced  to  MnO  in  the  upper 
stack,  but  that  the  MnO  entering  the  bosh  is 
fused  with  the  silica,  alumina,  and  bases,  and 
that  it  is  reduced  to  metallic  manganese  only 
after  it  has  descended  molten  into  the  hearth. 
The  calculation  of  the  gross  .slag  is  simple. 
To  take  the  figures  from  the  average  of  the  40 
runs  represented  in  Table  17,  as  an  example, 
the  slag  weight  is  3,196  pounds.  The  metallic 
manganese  in  the  metal  is  1,680  poimds. 
This  metallic  manganese  was  reduced  from 
2,170  pounds  of  MnO.  The  gross  slag  was 
therefore  3,196  plus  2,170,  or  5,366  pounds 
per  ton  of  metal. 

It  is  well  to  notice  that  the  more  usual 
expression  for  speed  of  operation  in  blast- 
furnace parlance  is  tho  pounds  of  carbon 
burned  per  minute  per  square  foot  of  hearth 
area.  Without  commenting  upon  this  point 
of  view  as  it  applies  to  the  iron  furnace,  its 
applicability  to  the  ferromanganese  furnace  is 
extremely  doubtful.  The  only  factor  limiting 
the  speed  of  operation,  assuming  that  the 
speed  is  not  so  great  that  the  stock  is  blown 
out  the  top  of  the  furnace,  is  the  ability  of 
the  hearth  to  reduce  manganese  from  the 
slag.  As  long  as  the  hearth  temperature  is 
above  1,265°  C,  all  the  manganese  in  the  slag 
should  be  reduced,  provided  the  slag  remains 
for  a  sufficient  length  of  time  in  the  hearth 
under  the  reducing  influence  of  a  CO  atmos- 
phere and  in  contact  with  solid  carbon. 
Therefore,  no  principle  of  common  sense  is 
violated  in  taking  as  the  criterion  of  speed 
the  figure  for  the  pounds  of  slag  passing  into  the  hearth  from  the 
bosh  per  minute  per  square  foot  of  hearth  area. 


I 


I 

I 


o  I 

*)U93  J  ad 
'3«|S  u|  osauBSuB^ 


3 

9 


O 

•3 

p 


o 


128     PRODUCTION  OF  MANGANESE  ALLOYS  IN  THE  BLAST  FURNACE. 


EQUATION   FOR  PERCENTAGE   OF  MANGANESE   IN   SLAG. 

The  results  of  the  40  runs  represented  4n  Table  18  were  arranged 
in  order  of  decreasmg  '* excess  carbon''  as  determined  by  equation  1. 
The  results  were  then  divided  into  four  groups  and  the  averages  by 
groups  recorded  as  in  Table  21.     The  results  are  also  plotted  in 
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figure  10.  The  results  of  the  same  runs  were  rearranged  in  the  order 
of  decreasiQg  basicity  (ratio  of  bases  to  silica),  grouped,  and  averaged, 
and  the  averages  recorded  as  in  Table  22.  The  results  are  also 
plotted  in  figure  11.  In  the  same  way  Table  23  gives  the  averages 
for  groups  taken  in  order  of  decreasing  rates  of  driving.  The  resiUta 
are  also  plotted  in  figure  12.     The  three  tables  follow. 
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Table  21.— -ResuMs  of  furnace  runs  {arranged  to  show  variation  of  percentage  of  manganese 
in  slag  mith  excess  or  deficiency  of  carbon  fuel  as  required  for  average  hearth-temperature 
eoTuHtions, 

(Results  are  plotted  in  figure  10. J 


Rons  indaded. 

Furnaces  indaded. 

Carbon 
excess 

or  defi- 
ciency 
(pounds.) 

Basidty 
ratio. 

Rate  of 
dri\'1ng. 

Fercentase  of 
manganese  nslag. 

Group. 

Actual. 

Rcdnoed 

tostand- 

ard  ba- 

sidtya 

and  rate 

of 
driving.* 

1 
2 
3 

4 

4, 26, 30,  31, 32, 33,  37.  38.  40. 
3, 7, 8, 12, 13, 14, 17. 25, 29, 39. 
2,6,6,10^1jlrf,2i.24,2i... 
1,15,18,20,22,27,34 

A,  C,  K,  L,  IC,  P.. 

a,b,^,k!,i4.... 

A,  B,  O,  J 

A,F,G,I,J,K,L. 

+754 
+354 
-  56 
-765 

1.69 
1.48 
1.45 
1.37 

1.84 
1.92 
2.18 
2.36 

&2 
11.0 
12.1 
13.3 

10.3 
11.0 
11.4 
11.8 

o  Standard  baddty  (ratio  of  bases  to  silica),  1.50. 

b  Rate  of  driving  (poimds  of  gross  slag  produced  per  minute  per  square  foot  of  hearth  area),  2.1. 

Table  22. — Results  of  furnace  runs  arranged  to  show  variation  ofpercentaae  of  manganese 
in  slag  wUh  basidty  of  slag  (ratio  of  CaO  4*  ^gO  to  SiO^). 

[Results  are  plotted  in  figure  11.] 


Runs  induded. 

Furnaces  included. 

Basicity 

ratio. 

Carbon 
exoess 
or  defi- 
ciency 
Opounds). 

Rate  of 
driving. 

F«)roentaeo  of 

Group. 

Actual. 

Reduced 

to 
standard 

hearth 
tempera- 
ture and 

rate  of 
driving. 

0 
10 
11 
12 

6,  8,  23, 24. 25. 26,  28, 31. 33 . . 
7, 11, 17,  30, 3i,  34,  35,  §9,  40. 

1,4,10,12,13,20,27,38 

2.  5.  8. 14. 15. 19.  22 

A,J,K,  L 

A,ri,F  L,M 

A  B  C,I,K 

A,B  I',*,! 

1.77 
1.55 
1.36 
1.19 

+411 
+187 
-  10 
-110 

.     1.79 
2.06 
2.32 
2.42 

7.4 

9.2 

11.8 

14.2 

8.2 

9.9 

11.5 

13.6 

»,     Vf     V,     *  »,     SV,     A  V,     M  ••••..•.. 

Table  23. — Results  of  furnace  runs  arranged  to  show  variation  of  percentage  of  manganese 
in  slag  unth  rate  ofanving  {pounds  of  gross  slag  per  minuie  per  square  foot  of  hearth  area), 

[Results  are  plotted  in  figure  12.] 


Group. 


5 
6 
7 
8 


Runs  indudod. 


1,4,6,7,14,15,18.22,89. 

2,5,8,19,20,21,25 

3,10,11.12,19,23,27.40. 
13,  15, 17,  24,26,  2S»  38... 


Furnaces  included. 


a,g;lj. 

A,  B,  G,  J,  K,  M.. 

b;c,f,j,k 


Basicity 
ratio. 


1.38 
1.70 
1.61 
1.64 


Rate  of 
driving. 


Carbon 
exoess 
ordefi- 
deney 
(pounds). 


2.86 
2.38 
2.15 
1.60 


-  60 
-312 

-  62 
+240 


Percentage  of 
manganese  in  slag. 


Actual. 


13.0 
13.0 
12.0 

10.3 


Reduced 
to  stand- 
ard ba- 
sidty 
ana 
tempera- 
ture. 


13.9 
12.9 
12.5 
12.2 


In  deriving  an  equation  for  the  percentage  of  manganese  in  the 
slag  four  quantities  are  involved.    If  only  figures  could  he  selected 
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wherein  two  of  the  quantities  varied  while  the  other  two  quantities 
remained  constant,  the  derivation  of  the  equation  would  be  direct 
and  simple.  Unfortunately  this  is  not  possible.  Thus,  in  Table  22 
there  is  a  distinctly  apparent  relation  between  "carbon  excess  or 
deficiency,"  basicity,  and  rate.  As  the  carbon  decreases  the  basicity 
decreases  and  the  rate  of  driving  increases.  This  relationship  is  due 
to  the  human  management  of  the  furnace.  The  increase  of  basicity 
is  governed  by  the  stone  charged ;  the  carbon  excess  or  deficiency  by 
the  coke  charged ;  and  the  rate  of  driving  by  the  speed  of  the  engines. 
For  any  run  the  stone  can  be  decreased,  the  coke  increased,  and  the 
engines  slowed  down  by  practically  any  arbitrary  amount,  and  the 
furnace  will  still  continue  to  make  ferromanganese,  though  it  may 
not  make  a  profit.  The  fact,  therefore,  that  this  apparent  relation- 
ship exists  between  excess  carbon,  basicity,  and  speed,  shows  only 
that  the  furnace  operator  followed,  perhaps  unknowingly,  a  definite 
rule  in  burdening  and  driving  the  furnaces. 

Although  in  Tables  21,  22,  and  23  all  the  four  quantities  con- 
cerned vary,  it  is  foimd  by  successive  approximation  that — 

(a)  100  pounds  of  excess  carbon  lowers  the  manganese  in  the 
slag  0.11  per  cent; 

(6)  An  increase  in  the  rate  of  driving  of  1  poimd  of  slag  per  minute 
per  square  foot  of  hearth  area  increases  the  manganese  in  the  slag 
1.34  per  cent; 

(c)  An  increase  in  the  ratio  of  base  to  silica  of  1  unit  decreases 
the  manganese  in  the  slag  9.16  per  cent. 

In  Table  21  values  for  the  actual  percentages  of  manganese  in  the 
slag  are  given  in  the  seventh  column.  In  the  last  column  the  values 
have  been  corrected  for  each  of  the  four  groups  for  the  amount  by 
which  the  basicity  ratio  diflFers  from  1.50,  using  the  correction  indi- 
cated in  (c);  the  values  are  further  corrected  for  the  amount  by 
which  the  rate  of  driving  diflFers  from  2.1,  using  the  correction  indi- 
cated in  (5).  In  the  same  way  for  Tables  22  and  23  the  percentages 
of  manganese  in  the  slag  are  given  in  the  last  column  corrected  for 
variations  of  the  two  quantities,  in  the  fifth  and  sixth  columns,  in 
otder  to  show  the  relationship  that  would  be  found  between  the 
variable  shown  in  the  fourth  column  and  the  manganese  in  the  slag, 
were  the  other  two  variables  held  constant.  These  relationships 
are  plotted  in  figures  9,  10,  11,  and  12.  Combining  these  three  rela- 
tions in  a  single  equation  gives  the  result — 

where     ^"^  ^^'^  "  ^'^^^  "^  ^'^^^  ""  0.0011(^-Jra)(;?) 
M=  percentage  of  manganese  in  the  slag; 

B  =  ration  of  base  to  silica; 

R  =  rate  of  driving  (pounds  of  gross  elag  per  minute  per 

square  foot  of  hearth  area); 

Ka  =  carbon  required  by  equation  1; 

K==  actual  carbon  charged. 
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Combining  equation  2  with  equation  1  gives — 

(Jf=21.4-}-1.34i?-9.165-0.001lK~K^ +0.00097  r-0.00145r  {S) 

Equation  3  is  the  general  solution  for  J/,  the  percentage  of  man- 
ganese in  slag,  M  being  a  function  of  five  variables.  The  assumption 
has  been  made  in  deriving  this  equation  that  the  function  was  linear 
with  respect  to  all  five  variables.  This  certainly  is  not  true.  The 
effect  of  speed  on  the  reduction  of  MnO  will  be,  itself,  a  function  of 
the  temperature.  Moreover,  a  large  number  of  variables  imdoubtedly 
affecting  2f  have  been  omitted,  for  example,  the  physical  character 
of  the  stock,  the  temperature  of  the  top  gas,  the  amount  of  carbon 
absorbed  by  CO3,  and  the  humidity  of  the  blast.  It  can  be  hoped 
only  that  equation  3  includes  the  more  important  variables. 

It  will  be  noticed  that  in  joining  the  points  in  figures  10,  11,  and 
12;  a  curved  rather  than  a  straight  line  is  drawn  in  each  figure. 
This  was  done  with  the  hope  of  giving  a  hint  as  to  the  nature  of  the 
curve.  In  each  figure  a  straight  line  can  be  drawn  which  wiU  not 
miss  the  experimental  point  so  much  as  0.5  per  cent.  In  view  of 
the  limitations  of  the  data  0.5  per  cent  is  much  inside  the  limit  of 
experimental  error. 

BURDENING   THE   FURNACE. 

Observance  of  the  relations  in  equations  1,  2,  and  3  may  be  of 
material  assistance  in  the  burdening  and  driving  of  the  furnace. 
The  first  step  in  solving  this  problem  is  the  calculation  by  equation  1 
of  the  ratio  of  coke  and  stone  to  ore  with  an  assumed  basicity  ratio. 
Then  by  looking  at  figures  10,  11,  and  12,  the  furnace  operator  can 
know  at  a  glance  the  change  in  the  manganese  content  of  his  slag 
to  be  expected  from  adding  to,  or  trimming  down,  his  fuel,  or  from 
changing  his  basicity  ratio.  No  general  principles  can  be  given 
for  the  solution  of  this  problem  as  the  most  important  considerations 
governing  the  burdening  problem  are  the  cost  of  the  materials  used, 
the  daily  pay  roll,  and  the  furnace  overhead.  Every  change  in  the 
burdening  and  driving  factors  cuts  both  ways.  Slow  driving  reduces 
slag  loss  and  runs  up  labor  and  overhead  charges.  Increasing  the 
proportion  of  lime  in  the  slag  within  reasonable  limits  results  in 
lowering  the  slag  loss,  but  increases  coke  consumption,  and  cuts 
down  tonnage,  residting  in  lower  ore  cost,  higher  fuel  cost,  and 
increased  labor  and  overhead  charges.  Using  excess  coke  results 
in  a  slight  decrease  in  the  percentage  of  manganese  in  the  slag,  but 
in  general  increases  the  slag  weight  more  rapidly,  so  that  the  slag 
loss,  being  the  product  of  the  slag  weight  and  the  percentage  of 
manganese  in  the  slag,  is  increased.  About  the  only  general  criticism 
that  can  be  made  of  the  burdening  and  driving  data  is  that  there 
is  on  the  whole  a  tendency  to  use  too  much  fuel  and  to  drive  too 
slowly.     The  saving  of  ore  resulting  from  slow  driving,  while  appre- 
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ciable,  causes  a  decided  decrease  in  profits  of  the  furnace  and,  Although 
in  line  with  conservation  of  materials,  will  not  appeal  to  the  operator 
who  is  to  pay  the  labor  and  overhead  charges. 

It  may  be  stated  that  the  most  effective  methods  of  reducing  the 
slag  loss  of  manganese  are:  (1)  The  use  of  low-ash  coke  and  of  low- 
^ca  stone  and  (2)  carrying  as  basic  a  slag  as  is  practicable.  la 
the  matter  of  selecting  a  low-ash  coke  it  was  not  pos^ble,  perhaps, 
in  the  past  year  for  a  number  of  operators  to  do  more  than  take  what* 
ever  they  could  get. 

It  was  universally  realized  at  the  furnace  that  the  presence  of 
a  large  percentage  of  silica  in  the  coke  was  playing  havoc  with  the 
practice;  but  it  is  believed  that,  had  the  office  fully  appreciated  the 
loss  in  profits  occasioned  by  excess  silica  a  considerable  improvement 
in  coke  could  have  been  effected.  Actual  purchases  of  stone,  it  is 
certain,  have  not  been  made  with  the  care  the  problem  merited. 
Calcites  and  dolomites  have  been  used  with  silica  content  as  hi^  as 
7  per  cent.  Naturally  the  office  did  not  purchase  this  stone  on  the 
market  without  a  considerable  preferential  price,  but,  as  is  shown 
later,  stone  with  this  silica  content  should  not  be  used  even  if  obtained 
free  of  charge  f.  o.  b.  the  furnace. 

STACK  LOSS. 

The  sum  of  the  manganese  in  the  slag  and  that  in  the  metal  does 
not  equal  that  charged  into  the  furnace.  The  percentage  of  manga- 
nese in  the  charge  not  accounted  for  by  the  manganese  carried  from 
the  hearth  is  for  convenience  called  "stack  loss.''  The  value  of  this 
quantity  in  Table  17  varies  from  0.8  to  32.1  per  cent.  Its  average 
is  12.8  per  cent.  As  the  average  loss  of  manganese  in  the  slag  is 
only  14.7  per  cent,  the  stack  loss  is  as  important  as  the  slag  loss. 
It  is  a  quantity,  however,  that  has  not  thus  far  proved  itself  suscep- 
tible to  analysis  or  definite  explanation.  It  may  be  due  to:  (1) 
Volatilization  of  metallic  manganese  from  the  hearth,  (2)  volatiliza- 
tion of  manganese  oxide  in  the  hearth  or  stack,  (3)  manganese  oxide 
carried  off  mechanically  as  ore  fines  by  the  blast,  and  (4)  a  fictitious 
result  due  to  error  in  chemical  analyses  and  weights. 

To  a  certain  extent  in  any  individual  rim  the  apparent  stack  loss 
is  surely  a  combined  result  of  these  four  caxises.  But  for  the  40 
runs  taken  as  a  whole  it  is  difficult  to  understand  how  errors  in  weights 
and  analyses  would  give  a  loss  in  39  cases,  instead  of  giving  for  one- 
half  of  the  runs  a  ''gain  of  manganese  in  the  stack."  Unless  it  can 
be  shown  that  the  anal3rses  for  manganese  in  the  ore  are  sj^temati- 
cally  lugh  or  those  for  manganese  in  the  slag  and  metal  are  systemati- 
cally low,  it  must  be  concluded  that  the  errors  are  sufficiently  elimi- 
nated in  the  average  of  a  number  of  runs. 


i 
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There  is  a  possibility  that  the  loss  as  ore  fines  carded  out  mechan- 
ically by  the  blast  may  account  for  the  whole  loss. 

The  operating  data  from  nine  iron  furnace  plants  indicate  that 
6.5  per  cent  of  the  iron  charged  is  not  accounted  for  by  the  iron  in 
the  slag  and  metal.  This  figure  does  not  inspire  much  confidence 
and  is  given  here  only  for  the  sake  of  comparison.  As  to  the  loss 
by  volatilization,  it  is  probably  not  important  practically  to  dis- 
tinguish between  volatilization  of  metallic  manganese  and  volati- 
lization of  manganese  oxide.  The  answer  to  this  problem  will 
appear  doubtless,  when  the  relation  is  foimd  between  stack  loss  and 
some  other  operating  quantity.  If  the  stack  loss  is  a  volatilization 
phenomenon,  it  should  increase  with  a  rise  in  hearth  temperatiure. 
It  should  also  decrease  with  any  increase  in  the  speed  of  operation, 
as  the  longer  a  given  pound  of  slag  or  metal  remains  in  the  hearth 
the  greater  the  volatilization.  The  40  runs  in  Table  17  were  arranged 
in  the  order  of  decreasing  stack  loss  and  divided  into  four  groups. 
The  average  for  each  of  the  four  groups  appears  in  Table  24  following: 

Table  24. — Results  of  furnace  runs  arranged  to  show  manganese  lost  in  stack  as  related 

to  other  factors. 


Gnmp. 


Mn  lost  from  stack,  per  cent 

Top  temperature,  *¥ 

Mn  in  slag,  per  cent 

Si  in  metaly  per  cent 

Ratio  of  base  to  silica 

Rate  of  driving  o , 

Carbon  excess  or  deficiency,  pounds . 


1. 

3. 

3. 

24.4 

16.7 

9.1 

094 

851 

996 

8.6 

13.5 

11.1 

1.43 

.96 

1.15 

1.61 

1.47 

1.66 

3.17 

3.32 

1.96 

+253 

-86 

+82 

4. 


4.0 
904 
10.6 
1.26 
1.49 
2.23 
-121 


a  Pounds  of  gross  per  minnte  per  square  foot  of  hearth  am. 

The  results  presented  in  the  table  show  a  manganese  loss  for  each 
group  of  runs,  but  no  systematic  variation  of  stack  loss  with  any 
other  probably  related  quantity.  High  hearth  temperatures  as  in- 
dicated either  by  high-silicon  metal^  excess  carbon,  basic  slag,  or 
low  percentage  of  manganese  in  the  slag  appear  not  to  affect  the 
amoimt  of  stack  loss.  There  is  only  one  practical  conclusion  to  be 
formed — ^the  furnace  man  must  admit  that  the  stack  loss  is  an 
important  physical  constant  and  should  operate  his  furnace  on  that 
assumption,  or  he  must  conclude  that  the  data  here  presented  are  in- 
sufficient to  permit  a  solution  of  the  problem  and  obtain  for  himself 
more  complete  and  exact  furnace  records. 

SOICE  TTPIGAL  CALCTJLATIONS. 

To  illustrate  the  use  of  calculations  suggested  in  this  report,  to 
indicate  how  many  factors  are  involved  in  the  simplest  detail  of 
furnace  practice,  and  to  serve  as  an  introduction  to  the  operating 
problem,  a  brief  outline  of  the  factors  involved  in  the  selection  of 
coke  and  stone  follows. 
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COST  figures  for  average  practice. 

For  the  sake  of  comparison  a  computation  of  the  approximate 
furnace  costs  for  the  average  run  represented  in  Table  17,  apart  from 
investment  charges,  may  be  of  interest. 

The  average  charge  per  ton  of  metal  is  2.67  tons  of  ore,  3.16  tons 
of  coke,  and  1.03  tons  of  stone.  At  the  arbitrary  prices  of  $40,  $10, 
and  $3  per  ton,  f.  o.  b.  furnace,  the  materials  cost  $149.49  per  ton  of 
metal  made.  The  following  daily  costs  are  assumed:  Six  himdred 
dollars  for  labor,  and  $175  for  the  aggregate  of  superintendence,  chem- 
ical laboratory,  and  reserve  for  relining,  repairs,  liability  insurance^ 
clerical  work,  demurrage,  supplies,  etc.  TTius  there  is  a  total  fixed 
charge  of  $775  against  a  daily  production  of  51.7  tons  of  ferroinanga- 
nese,  or  a  charge  of  $14.75  per  ton.  Hence  the  total  cost  per  ton  is 
$164.24.  The  selling  price  on  74.9  per  cent  ferromanganese  is  taken 
to  be  $267.59  ($250  per  ton  for  70  per  cent  alloy  plus  or  minus  $3.50 
per  unit  of  manganese),  so  that  the  profit  per  ton  is  $103.35,  or 
$5,343  per  day. 

COKE  ASH. 

The  following  analyses  of  coke  are  taken  from  furnace  records  and 
although  the  coke  represented  is  not  typical  of  that  used  in  average 
practice,  it  is  not  abnormal,  as  millions  of  tons  of  such  coke  have 
been  used  annually  at  certain  iron  furnaces  for  years. 

Analyses  of  coke  used  in  certain  iron  furnaces. 


Bemple 

SiOt. 

A1,0^ 

FLTed 
carbon. 

Volatne 
matter. 

Sulphur. 

•Moistiire. 

1 
2 
3 

Percent, 
2.78 
L80 
3.06 

Percent. 
X47 
2.70 
2.43 

Percent. 

oaos 

01.12 
9L06 

Percent. 
a79 
.47 
1.18 

Percent. 
a  41 
.44 
.80 

Per  cent, 
1.35 
1.52 
1.40 

Let  it  be  assumed  that  coke  1  is  available  for  a  ferro  campaign 
and  that  stone  of  grade  ''A,"  as  described  in  the  section  following 
("Selection  of  Stone 'O?  is  also  available.  Let  the  ore  have  the  aver- 
age analysis  given  in  Table  17.  Then  it  is  possible  to  construct  a 
charge  sheet  for  these  materials  to  give  approximately  the  maximum 
daily  profits,  subject  to  the  limitation  that  none  of  the  operating 
quantities  shall  lie  appreciably  beyond  what  has  been  tried  out  as 
shown  by  Table  17.    The  charge  will  be  then  as  follows: 

Analysis  of  charge. 


Material. 

Weight, 
pouncLs. 

SiOi. 

AliOs. 

Bases. 

Hn. 

Fe. 

c. 

Per 
cent. 

Lbs. 

FW 
cent. 

Lbe. 

Pee 
cent. 

Lbs. 

Per 
cent. 

Lbs. 

cent. 
5.03 

Lbs. 

Per 
cent. 

Lbs. 

Ore 

5,310 
4,000 
2,102 

8.60 

2.74 

.42 

457 

100 

10 

2.50 

2.47 

.13 

133 

08 

3 

4a33 

2,240 

825 

Coke 

91.95 

3,  €20 

Stone 

53.0 

1,115 

Total 

576 

234 

1,115 

2,240 

325 

3,620 
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The  manganese  balance  will  be  as  follows: 

Manganese  balance. 

Pounds. 
Charged 2,240 

Stack  I068  (12.66  per  cent) a  284 

Slag  loss  (8.43  per  cent) 6189 

To  metal  (79  per  cent) 1, 767 

Accounted  for 2, 240 

The  weight  of  the  slag  will  be  2,167  pounds,  the  analysis  of  the 
dag  being  as  follows : 

Analysis  of  slag. 


Constituent. 

Percent. 

Pounds. 

BlOt 

2&05 

lass 

51.75 
11.30 

0  561 
234 

1,115 

241 

17 

AliOi 

Bases 

MnO 

S 

Total 

2,167 

a  151  pounds  to  silicon  in  metal. 

The  carbon  as  required  by  equation  1  would  be : 

JSr=4,170+0.88X2,167-1.35Xl,250=4,405 

The  ^'deficiency"  of  carbon  charged  below  that  required  by 
equation  1  is  therefore  785  (4,405  —  3,620)  pounds,  only  30  pounds 
less  than  was  used  in  the  runs  in  group  1,  Table  21.  According  to 
equation  X,  this  lack  of  fuel  causes  the  manganese  in  the  slag  to 
increase  only  0.87  per  cent.  Referring  to  figure  9  it  will  be  seen  that 
the  actual  curved  line  falls  somewhat  below  this  assumed  straight 
line. 

The  ratio  of  bases  to  silica  is  51.75 -^  26.05,  or  1.99.  This  basicity 
is  1.99  — 1.48,  or  0.51  higher  than  that  of  the  average  run,  and  lowers 
the  percentage  of  manganese  in  the  slag  by  4.67  per  cent,  according 
to  equation  1.  Figure  12  shows  that  the  curved  line  lies  above  the 
straight  line.  To  be  conservative,  a  decrease  of  only  3.75  per  cent 
is  taken,  the  smallest  value  figure  12  will  justify. 

The  gross  slag  is  2,167  + 1.29  X  1,777,  or  4,485  pounds.  For  com- 
parison, the  hearth  diameter  of  the  furnace  is  taken  to  be  10.78  feet, 
which  gives  a  hearth  area  of  91.3  square  feet,  the  average  hearth 
area  in  Table  16  if  each  furnace  be  weighted  in  the  average  according 
to  the  number  of  nms  represented  in  the  table.  A  driving  rate  of 
2.61  pounds  of  gross  slag  per  minute  per  square  foot  of  hearth  area 
is  taken.  This  gives  the  output  as  77.5  tons  per  day.  The  rate  2.61 
is  0.54  greater  than  the  average  rate  in  Table  17,  and,  according  to 
equation  8,  causes  a  rise  in  the  percentage  of  manganese  in  the  slag 


a  Average. 
ISTSaS**— 20 10 


b  As  shown  below. 
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of  only  0.71  per  cent.  Within  thi&pftrt  of  tb^  curve  iafigU£Q  11  it  is 
difficult  to  take  a  greater  rise  than  0.75  per  cent;  which  figure  will 
bo  usecL 

From  the  abovc^  then,  the  percentage  of  manganese  in  the  aLag  is — 


Average  ia  Table  17 IOl  dft 

Incresse  due  ta  low  fuel 87 

Licrease  due  to  fast  drrving 75 

Decrease  due  to  idgh  basicity 3.75 

Manganese  in  the  slag 8.  57 

Slag  loss  (slag  weight  times  percentage  of  manganese  in  slag:  2,1G7X8.75) .  189  pounds. 
Slag  loss  in  percentage  of  manganese  charged 8.43  per  cent. 

Summarizing: 

Charge: 

Ore,  5,310  pounds,  2.48 tons,  &t$40 $99.38 

Coke,  4,000  pounds,  2  tons,  al;  SIO 20.00 

Stone,  2,102  pounds,  0.94  ton,  at  $3 2.  82 

Cost  of  materials 122.20 

Daily  labor  and  fixed  charges,  $775.. 

Charge  against  1  ton  of  metal,  at  77.5  tons  per  day 10.  00 

Total  furnace  cost  of  1  ton  of  metal 132. 20 

Selling  price,  $250  for  70  per  cent  ferro,  with  $3.50  per  unit  bonus  and 

penalty. 
Selling  price  o£  I  ton  of  ferro  contaiiuiig  79  per  cent  Mn » 281.  50 

Furnace  pnxfit  per  toa. 149l30 

Furnace  profit  per  day,  at  77.5  tons  per  day 11,579.  75 

Furnace  profit  pef  day  of  famaces  rcpiwueirted  in  Table  i 5^323^08 

Gain  in  profits  due  to  improved  materials  and  practice 0, 247.  76 

These  fig:Qres  are  disturbing^  yet  it  is  difficult  to  see  just  where  tbey 
are  wrong.  The  matter  is  important.  If  the  11  furnaces  repre- 
sented in  Table  17  had  operated  on  this  average  practice  the  pos- 
mble  saving  would  have  been  $2,061,760.80  per  year  per  furnace,  or, 
for  the  11  furnaces,,  $22,679,368.80.  The  practical  problem  would 
have  been  to  obtain  the  high-grade  coke  and  stone  involved. 

An  interesting  point  in  the  situation  is  that  the  iron  furnace  using 
the  coke  best  adapted  for  the  production  of  ferromanganese,  namely, 
that  designated  as  sample  2  in  the  table  on  page  112,  used  stone  with 
3.36  per  cent  SiO,  (to  increase  the  slag  volume),  and  yet  made  metal 
of  the  following  composition:  Si,  1.62  per  cent;  S>  0.049  per  cent; 
P,  0.173  per  cent. 

With  the  phosphorus  content  indicated,  the  metal  is  neither 
foundry  nor  Bessemer  grade.  As  basic  pig,  1.52  per  cent  silicon  is 
objectionably  high,  unless  a  better  sulphur  content  than  0.049  per 
cent  can  be  attained.  The  answer  is  that  the  coke  used  was  lower 
in  SiOj  than  was  really  desirable.     A  good  coke  consumption  and  a 
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fail  tonnage  can  be  sliown  with  low-silica  coke  and  stone,  but  in 
basic  practice,  where  the  logical  function  of  the  blast  furnace  is  to 
keep  down  the  sulphur  and  the  silicon,  the  slag  volume  should  not 
be  so  low  that  it  can  not  take  care  of  the  sulphur. 

Undoubtedly  the  operator  of  the  basic  furnace  above  mentioned 
realized  this.  Enough  commercial  pressure  would  have  made  him 
release  this  coke.  If  the  ferro  furnace  had  paid  $20  per  ton  for  low- 
silka  Goke^  the  dafly  profit  would  still  have  been  S10,000  per  furnace, 
an  improvement  of  S4,523  per  day,  or  roughly  100  per  cent.  If  the 
desired  quality  of  coke  could  have  been  procured  for  $20  per  ton,  and 
if  the  other  assumptions  are  correct,  the  increased  profit  for  any  one 
furnace  woidd  have  been  $1^00,000  per  annum. 

SELECTION   OF   SfONE. 

As  a  typical  problem  relating  to  the  selection  of  stone  for  use  in 
furnaces  producing  ferromanganeae^  two  grades  of  stone  may  be 
asKimed  to  be  under  consideration.  One  may  be  designated  grade 
A,  containing  53  per  cent  basic  constituents  and  0.42  per  oent 
silica;  the  other  may  be  designated  grade  B,  containing  49.5  per 
cent  baac  ccMistituents  and  7  per  cent  silica.  Stone  of  grade  A 
has  been  used  in  great  quantities  at  one  iron  furnace  plant,  and 
hence  is  not  of  purely  hypothetical  composition.  Stone  of  grade  B 
has  been  used  in  producing  ferromanganese. 

If  all  the  values,  except  for  the  grades  of  stone,  be  taken  as  for  the 
average  run  represented  in  Table  17,  a  comparison  can  be  made  as 
follows: 

Comparative  results  obtained  tvith  two  grades  of  atone. 


CoosUtuent  of  chargB. 


Stone  A. 


Qmntttj 

per  ton 
of  allay. 


Cost. 


Stone  B. 


QiUBtity 
per  ton 
ftf  alloy. 


Cost. 


Ore.. 
Coke. 
Stone. 


Total. 


TcfM. 
2.44 
3.12 
1.06 


31.15 
3.15 


Taus. 
2.7S 
3.54 
1.70 


139.86 


9108.80 

35.45 
5.09 


149.34 


Manganwe  la  natal,  per  oonk. 
Slag  per  ton  of  aBoy,  pounds. . 


75.6 
2,890 


72.15 
3,839 


The  foregoing  data  are  based  on  the  assumption  that  the  slag  has 
a  constant  basicity  ratio  of  1.48  and  that  an  increase  of  1  pound  in 
the  rate  of  slag  formation  requires  an  increase  in  carbon  of  0.88 
pound. 

The  gross  slag  produced  per  ton  of  metal  when  stone  A  is  used  is 
5,150  pounds,  and  when  stone  B  is  used  5,970  pounds.  If  the  rate 
of  driving  be  assumed  to  be  constant,  the  tonnages  will  be  51.7  tons 
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with  stone  A  and  44.65  tons  with  stone  B.  The  daily  fixed  charges 
will  be  roughly  the  same  for  both.  There  will,  therefore,  be  a  charge 
of  $14.90  against  a  ton  of  metal  if  stone  A  be  used  and  a  charge  of 
$17.35  if  stone  B  be  used. 

The  total  costs  are  $154.61  and  $166.66,  respectively,  per  ton  of 
alloy.  The  selling  prices  are  $269.60  and  $257.53;  the  profit  per 
ton,  therefore,  when  stone  A  is  used  is  $114.99,  and  when  stone  B  is 
used,  $90.87.  The  profits  per  day  are  $5,950  and  $4,060.  Thus,  the 
daily  loss  in  furnace  profits  when  stone  B  is  used  is  $1,890.  This  loss 
must  be  charged  to  the  75  tons  of  B  stone  used  per  day.  Thus,  even 
if  this  grade  of  stone  were  obtained  free  of  charge,  the  furnace  loss 
from  its  use  would  be  $22.20  per  ton.  Therefore,  if  stone  A  could 
be  purchased  at  some  premium  less  than  $22.20  per  ton,  a  furnace 
having  no  choice  other  than  buying  A  or  B  would  profit  by  the  pur- 
chase of  A.  Such  computations  as  these  could  be  widely  extended 
showing  the  actual  premiums  and  penalties  for  coke  and  ore  as  based 
on  the  cost  to  the  furnace,  but  the  above  example  will  sufiSce  here 
to  substantiate  the  following  conclusions: 

(1)  The  blast-furnace  superintendent  should  know  at  all  times  the 
cost  and  the  analyses  of  all  materials  purchased,  and  should  also  be 
familiar  with  all  purchasable  materials  even  including  $40  coke  and 
$20  stone. 

(2)  The  decision  as  to  the  purchase  of  raw  material  should  be  left 
to  the  furnace  superintendent,  who  should  be  in  complete  charge  of 
the  operation  of  the  furnace. 

(3)  Far  greater  saving  in  furnace  profits  can  be  attained  from 
judicious  selection  of  ra\V  materials  than  from  any  changes  in  oper- 
ating conditions. 

When  the  market  price  of  the  alloy  falls,  as  it  doubtless  will,  and 
the  costs  of  stone,  coke,  ore,  and  labor,  readjust  themselves,  it  is  only 
by  a  continued  revision  of  some  such  calculations  as  the  above,  cov- 
ering the  coke  and  stone,  that  the  furnace  operator  can  hope  to 
make  the  best  showing. 

ST7HMABY  OF  OBSERVATIONS  ON  FEBBOMANGANESE  DATA. 

Oi)eratmg  data  were  collected  from  the  furnace  records  of  11  blast 
furnaces  making  ferromanganese.  These  data  are  presented  in  Table 
17,  together  with  a  maganese  balance  showing  the  distribution  of  the 
manganese  charged  between  metal,  slag,  and  top  gas.  The  table 
includes  40  ''experimental  periods"  of  10  days  each  and  covers  the 
extreme  range  of  operating  conditions  for  each  furnace. 

Several  thousand  pyrometer  measurements  were  made  of  the  tem- 
perature in  the  furnaces  opposite  the  tuydres;  of  the  slag  at  flush  and 
cast;  and  of  the  metal  at  cast.  It  is  shown  that,  in  general,  the  ferro- 
manganese furnace  operates  with  a  colder  hearth  and  produces  colder 
metal  and  slag  than  does  the  iron  furnace. 
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The  results  of  gas  analyses  made  by  the  bureau  show  that  practi- 
cally all  of  the  MnO  is  reduced  '*  directly '*  by  carbon.  This  reduc- 
tion probably  takes  place  in  the  hearth. 

The  metallurgical  questions  involved  in  the  smelting  of  manganese 
are  briefly  discussed.  It  is  shown  that  although  more  than  three 
times  as  much  carbon  is  burned  at  the  tuydres  in  the  ferro  furnace 
as  in  the  iron  furnace,  the  gaseous  products  from  the  combustion 
zone  are  probably  at  a  lower  temperature. 

The  two  losses  of  manganese  in  the  furnace — the  slag  loss  and  the 
"volatilization"  loss — are  discussed.  It  is  shown  that  the  percent- 
age of  manganese  in  the  slag  is  decreased  by  raising  the  blast  temperar 
ture,  by  increasing  the  basicity  of  the  slag,  and  by  charging  more 
coke;  and  that  it  is  increased  by  fast  driving,  and  by  carrying  a 
greater  slag  *' volume."  A  general  equation  is  given  for  the  percent- 
age of  manganese  in  the  slag  as  a  function  of  these  five  quantities,  by 
means  of  which  the  slag  loss  can  be  calculated  in  advance  from  the 
charge-sheet  data. 

The  "volatilization"  loss  is  shown  not  to  be  affected  by  the  basicity 
of  the  slag,  the  silicon  in  the  metal,  the  carbon  charged  as  fuel,  the 
rate  of  driving,  or  the  temperature  of  the  top  gas.  The  results,  how- 
ever, are  not  convincing  when  examined  carefully,  and  additional 
and  more  exact  figures  are  needed.  It  is  shown  that  by  making  five 
changes  in  practice  the  11  furnaces  examined  could  have  raised  their 
recovery  to  79  per  cent,  using  the  same  ore,  could  have  increased  their 
tonnage  59  per  cent,  and  could  have  increased  their  annual  net  profits 
by  more  than  twenty  million  dollars.    The  changes  are  as  follows : 

(a)  Using  a  better  grade  of  coke  existing  in  sufficient  quantities 
and  probably  purchasable. 

(6)  Using  a  better  grade  of  stone. 

(c)  Using  less  fuel. 

(d)  Running  with  a  more  basic  slag. 

(e)  Driving  faster. 

Certain  furnaces  are  shown  to  have  lost  $10  to  S20  a  ton  by  using 
high-silica  stone. 

It  is  concluded  that  there  is  greater  room  for  improvement  in  the 
selection  of  coke  and  stone  than  in  furnace  practice. 

DISCnSSIOH   OF   DATA   OV   SPIEGELEISEir   PBACTICE. 

GENEBAIi  DESCRIPTION  OF  SPESGELBISEN  PRODUCTION. 

The  simultaneous  smelting  of  iron  and  of  manganese  ores — that  is, 
the  production  of  spiegeleisen — is  metallurgically  an  uneconomical 
process.  The  reason  can  readily  be  appreciated.  The  iron  furnace 
and  the  manganese  furnace  present  problems  that,  though  somewhat 
similar,  are  at  many  points  fundamentally  different.  The  most  eco- 
nomical operation  for  making  iron  is  not  the  most  economical  for 
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making  manganese.  It  is  desirable,  therefore,  that  the  two  processes 
be  kept  separate.  The  only  logical  reason,  of  coarse,  for  making  spiege- 
leisen  at  all  is  to  utiUze  manganiferous  iron  ores.  Spi^eleisen  has 
not,  howev^,  always  been  made  in  this  way.  The  manganese  con- 
tent of  the  metal  made  is  frequently  reduced  by  the  additicm  of  iron 
ore  or  of  iron  scrap  to  the  charge.  During  the  year  1918,  pressure 
from  several  sources  was  brought  to  bear  upon  the  manganese  pro- 
ducers to  lower  the  manganese  content  of  their  alloys.  The  prevail- 
ing standard  for  f erromanganese  was  lowered  from  80  to  72  per  cesat, 
and  for  spiegeleisen  from  20  to  16  per  ceat.  To  the  extent  that  th^ 
was  done  with  the  use  of  lower  grade  ores,  it  served  a  real  purpose  by 
creating  a  market  for  otherwise  unsalable  ores.  It  should  be  remem- 
bered, however,  that  such  a  process  was  wasteful  of  coke  and  man- 
ganese, and  caused  decreased  furnace  tonnage.  The  rather  anala- 
gous  method  of  ''sweetening"  a  Spiegel  ore  mixture  with  high-grade 
manganic  ore  is  equally  objectionable  from  the  standpoint  of  a 
metallurgist. 

The  average  spicgel  analysis  given  in  Table  IS  (p»  11 6) shows  that 
in  order  to  produce  1  ton  of  manganese,  5.78  tons  of  spiegel  was  re- 
quired. This  alloy  contained  about  4.4  tons  of  metallic  iron,  the 
equivalent  of  4.64  tons  of  pig  iron.  The  carbon  fuel  required  to 
make  5.78  tons  of  spiegel  is  19,900  pounds  (5.78x3444).  Crediting 
this  metal  with  the  amount  of  carbon  required  for  making  4.64  tons 
of  pig  iron,  namely,  1,727  pounds  of  carbon  multiplied  by  4.64  tons 
of  pig  iron,  or  8,000  pounds  total,  it  is  seen  that  the  ton  of  metallic 
manganese  in  the  form  of  spinel  requires  11,900  pounds  of  carbon. 

It  is  clear  that  in  1.33  tons  of  74.9  per  cent  alloy  there  is  1  ton  of 
metallic  manganese  and  0.23  ton  of  metallic  iron,  the  equivalent  of 
0.25  ton  of  pig  iron.  The  fuel  consumption  was  7,100  pounds  of 
carbon  (1.33X5323)  accordmg  to  Table  17.  Giving  credit  for  420 
poimds  (1727  X  0.25)  for  the  iron  made,  1  ton  of  manganese  in  the  fcMrm 
of  ferro  requires  6,680  pounds  of  carbon.  Thus,  it  appears  that  a 
ton  of  manganese  in  the  form  of  spiegel  requires  78  per  c^sit  more 
carbon  fuel  than  a  ton  of  manganese  in  the  form  of  ferro. 

This  result  is  by  no  means  due  wholly,  or  even  lai^y,  to  the 
mere  combination  of  the  two  smelting  processes.  Most  of  the  excess 
fuel  requirement  is  due  to  the  character  of  the  ferro  ores  and  of  the 
spiegel  ores  used.  The  manganese  and  silica  contents  of  the  two 
ores  are: 

Spiegel.  Ferro. 

Manganese,  per  cent 12.  75  40. 33 

Silica,  per  cent 14.84  8.60 

Silica  per  pound  of  manganese,  pounds 1.16  .214 

The  average  spiegel  ores  were  therefore  5  J  times  as  siliceous  as  the 
ferro  ores. 
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SL.AG   COMFOSITION. 

Table  18  shows  that  the  average  spinel  slag  is  less  basic  than 
either  the  iron  slag  or  the  ferro  slag.  The  following  figures  will  per- 
mit a  compltrison  of  these  three  average  slags  calculated  on  the  basis 
of  base + alumina  +  silica  =  1 00  per  cent. 

Comparison  of  three  average  slags. 


Ratio 

(Base  to 

SiOi). 


Pif  iron 
Spiegel. 


Base. 

Alamina. 

Silica. 

Percent. 
50.3 
47.9 
49.8 

Percent. 
13.4 
14.1 

16.7 

Percent, 
35.3 
38.0 
33.5 

1.42 
1.26 
1.49 


Table  18  demonstrates  that  basicity  ratios  higher  than  1.26  have 
been  successfully  used  in  spiegel  practice.  In  fact^  the  eight  nms 
showing  the  highest  basicity  ratio,  namely,  Nos.  46,  57,  58,  61,  64, 
66,  and  67,  including  furnaces  B,  D,  H,  J,  M,  P,  and  G,  show  an 
average  ratio  of  1.42 — exactly  that  of  the  slag  in  the  average  iron 
practice  quoted  above.  The  average  recovery  of  manganese  by  the 
metal  for  these  ei^t  runs  was  70  per  cent. 

It  is  of  interest  to  compare  these  figures  with  those  for  the  eight 
runs  (42,  43,  50,  51.  52,  53,  54,  and  60)  which  had  the  lowest  basicity 
ratios,  the  average  being  1.08.  The  average  recovery  for  these  runs 
was  47.3. 

HEARTH  TEMPERATURE. 

At  furnaces  C,  D,  E,  H,  M,  and  Q,  optical  pyrometer  observations 
were  made  of  slag,  metal,  and  tuyere  temperatures.  The  same  day- 
to-day  variations  in  temperature  were  noted.  The  averages  of  all 
temperatures  from  the  six  furnaces  are  given  below  and  the  figures 
from  the  ferro-fumace  observations  are  repeated  for  comparison: 

Average  temperatures  in  speigel  and  in  ferro  furnaces. 

8pi0sel.  Ferro. 

Temperature  opposite  tuyferes,  °  € 1597  1550 

Temperature  of  metal  at  cast,  °C 1392  1386 

Temperature  of  slag,  *»  C 1427  1426 

Seemingly,  both  the  metal  and  the  slag  flow  from  a  spiegel  furnace 
at  the  same  temperature  as  from  the  ferro  fiunace. 
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COMPOSITION   OP   FURNACE   GAS. 

Analyses  of  spiegel  furnace  gas  were  made  by  the  bureau^s  field 
party  at  only  four  furnaces.  The  composition  of  the  gas  as  indicated 
by  the  average  of  all  the  observations  was  as  follows: 

Average  composition  of  8peigel  furnace  gca. 

By  Bv 

volume,     wei^t. 

COa per  cent. .     7. 08        11. 05 

CO do....  30.68        30.40 

Na do 58.72        58.08 

These  figures  are  not  at  all  satisfactory.  The  CO  content  is  nearly 
as  high  as  in  ferromanganese-fumace  gas.  It  is  difiicult  to  charge 
this  result  to  ordinary  analytical  errors.  Leakage  of  air  into  the 
sample  would  lower  the  CO  content;  also,  the  estimation  of  CO  by 
cuprous  chloride  absorption  when  improperly  carried  out  gives  a 
result  too  low  rather  than  too  high.  The  average  analyses  for  the  four 
furnaces  gave  4.62,  5.62,  8.95,  and  9.24  per  cent  for  CO,  content  and 
24.42,  29.25,  34.20,  and  34.85  per  cent  for  the  CO  content.  The 
extreme  limits  for  CO,  were  3.9  and  11.1  per  cent;  and  for  CO,  23.3 
and  35.1  per  cent.  This  range  of  variation  is  the  same  as  that  en- 
countered in  ferromanganese-furnace  gas.  This  fact  points  strongly 
to  the  conclusion  that  in  both  of  these  alloy  furnaces,  the  chemical 
reactions  in  the  lower  part  of  the  furnace  are  continuously  changing. 
It  might  almost  be  said  to  prove  that  for  a  period  of  time  the  bosh 
and  hearth  reactions  are  nearly  those  of  the  iron  furnace,  and  that 
following  this  period  as  a  result  of  the  settling  down  of  the  stock,  a 
large  amount  of  manganese  oxide  is  thrown  into  the  hearth,  result- 
ing in  a  rapid  reduction  of  MnO,  with  a  consequent  increase  in  the 
ratio  of  CO  to  COj.  Therefore,  unless  more  or  less  continuous  samples 
of  furnace  gas  are  taken  over  a  rather  long  period,  the  actual  analysis 
might  easily  misrepresent  the  true  average  composition  of  the  fur- 
nace gas. 

CARBON    BURNED   AT   THE   TUYERES. 

From  what  has  been  said  in  regard  to  the  gas  analyses  it  will  be 
anticipated  that  a  calculation  of  the  amoimt  of  carbon  burned  at 
the  tuyeres  and  of  the  carbon  absorbed  by  CO,  (or  *'the  carbon 
used  in  direct  reduction^')  will  show  figures  that  will  have  little  sig- 
nificance. Table  25  following  shows  a  calculation  of  the  weight  of 
gas,  the  weight  of  blast,  and  the  distribution  of  carbon  between  the 
stack  and  the  tuyferes.  So  long  as  the  amount  of  carbon  blown  out 
as  flue  dust  must  be  guessed  at;  and  until  systematic  gas  analyses 
are  taken  covering  appreciable  periods  of  time,  no  satisfactory  fig- 
ures for  these  quantities  can  be  given.  However,  the  figures  676 
for  the  ferro  furnace,  347  for  the  spiegel  furnace,  and  169  for  the  iron 
furnace  undoubtedly  indicate,  in  a  general  qualitative  way,  the 
pounds  of  carbon  per  ton  of  metal  absorbed  by  CO,. 
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Table  25. — Selected  data  en  operation  of  spiegeUisen  blast  fumacee, 

Oarbon  chaiged  per  ton  of  alloy pounds. .    3, 444 

Oarbon  combined  with  metal  (5.0  per  cent  C) do 112 

Oarbon  blown  out  of  stack  as  dust  (9.6  per  cent  assumed) . . do 330 

Oarbon  available  as  fuel do 3, 002 

Carbon  from  CO2  in  atone do 260 

Total  carbon  gasified do 3, 262 

Gaa  analysis  (by  weight): 

COj per  cent. .    11. 05 

CO do....    30.40 

Nj do 68.08 

Oarbon  in  top  gas do 16. 07 

Weight  of  top  gas  per  ton  of  alloy pounds..  20, 300 

Weight  of  N,  in  top  gas do 11,810 

Weight  of  air  blast do....  15,280 

Weight  of  0,  in  blast do....     3,530 

Weight  of  carbon  burned  at  tuyeres do....    2,655 

Carbon  absorbed  by  CO,  or  involved  in  direct  reduction .  .do . . . .        347 

FTTEIi  BEQXJIBEICENTS. 

No  relation  can  be  determined  between  carbon  fuel,  blast  tem- 
perature, and  slag  weight  in  tbe  spiegel  furnace  by  the  method 
employed  for  ferromanganese.  Table  18  (p.  116)  shows  that  most 
of  the  furnaces  operating  with  high-blast  temperatures  were  working 
on  ore  mixtures  that  gave  low  slag  weights,  and  the  furnaces  smelting 
siliceous  ores  were  running  with  low-bla^t  temperatures.  In  attempt- 
ing to  determine  E^  (the  carbon  fuel  used  for  average  hearth  tem- 
peratures) as  a  function  of  T  (the  blast  temperature)  and  of  V  (the 
slag  weight),  taking  these  last  as  independent  variables,  it  is  difficult 
to  distinguish  between  the  effect  of  changes  in  blast  temperature 
and  of  changes  in  slag  weight,  as  T  and  V  do  not  vary  independently. 
The  method  employed  below  is  not  so  satisfactory  as  regards  accuracy 
as  that  used  with  ferromanganese,  but  it  is  simpler  and  more  direct. 

The  runs  in  Table  18  were  divided  into  three  groups,  selected  to 
conform  with  the  following  classification : 

(1)  High-blast  temperature  and  small  slag  weight. 

(2)  High-blast  temperature  and  large  slag  weight. 

(3)  Low-blast  temperature  and  large  slag  weight. 

The  average  values  of  K^,  T,  and  V  for  these  three  groups  are 
given  in  Table  26  following: 

Tablb  26. — Average  values  for  carbon  fuel,  blast  temperature,  and  slag  weight  in  the 

furnace  vans  represented  in  Table  18, 


Qnmp. 


1 
3 
3 


Runs  included. 


43,  46,  48,  49, 55, 57, 62, 64 

41, 42,  44, 52,  54, 5»,  59,  60, 61,  70 
:a  51, 53,  65,  66,  G7, 68, 69 


Furnaces  included. 


C,D,H,M,P. 
E,B,<i,ri.... 


Carbon 
per  ton. 


Lb9. 

2,821 
3,525 
4,175 


Blast 
tempera- 
ture. 


•F. 
1,221 
1,142 

825 


Bias 
weigbt. 


Lh». 
1,979 
3,349 
4,392 
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On  the  assmnption  that  the  carbon  fuel  required  for  average 
hearth  temperature  conditions  can  be  written  in  the  form — 

where  A,  B,  and  C  are  constants,  the  figures  given  in  Table  26  are 
sufficient  to  determine  the  value  of  the  three  constants.  Substi- 
tuting in  the  above  equation  three  times  gives — 

2,821=A+1,221B+1,979C 
3,525=A+1,142B+3,349C 
4,175=A+    825B+4,392C 

From  which  it  follows  that — 

^^=2,365  -0.44  r+0.49  V  (4) 

As  previously  stated,  K  is  the  quantity  of  carbon  per  ton  of  metal 
used  for  any  particular  run.  E^  is  the  quantity  that  would  be  re- 
quired if  the  same  thermal  conditions  were  maintained  in  the  furnace 
as  in  the  average  furnace.  Confusion  has  often  arisen  in  discus- 
sions of  blast-furnace  fuel  economy  from  identifying  the  carbon 
'^consumed  in'*  the  furnace  with  the  carbon  '* required  by"  the 
furnace.  It  is  true  in  iron  furnace  practice  that  for  a  given 
product  there  is  a  minimum  carbon  consumption  below 
which  the  furnace  will  not  work,  but  there  is  practically 
no  upper  limit.  In  making  manganese  alloys,  however,  it  may  be 
said  that  there  is  neither  a  maximum  nor  a  minimum  limit.  The 
actual  amount  of  carbon,  £,  charged  into  any  furnace  is  merely 
the  amount  the  operator  believes  necessary  to  maintain  a  given 
ratio  of  coke  to  ore.  In  each  run,  therefore,  £,  the  actual  carbon 
will  differ  from  £«,  the  carbon  that  would  on  the  average  be  chained 
in  a  furnace  working  with  that  particular  blast  temperature  and 
slag  weight.  K — £«  is  a  measure  of  the  thermal  condition  of  the 
hearth.  It  should  be  true  that  when  K — E^  is  positive  the  furnace 
is  running  hotter  than  when  K — K^  is  n^ative,  and  this  difference 
in  available  fuel  should  influence  the  amount  of  MnO  left  imreduced 
in  the  slag. 

PEBGENTAGE  OF  MANGANESE   IN  THE   SLAG. 

It  has  been  shown  for  the  ferromanganese  furnace  that  3/,  the 
percentage  of  manganese  in  the  slag,  is  a  function  of  three  quanti- 
ties, namely:  B,  the  ratio  of  base  to  silica;  K—K^y  the  excess  carbon; 
and  Rj  the  rate  of  slag  formation  per  square  foot  of  hearth  area. 
The  relation  between  the  quantities  was  found  to  be — 

lf=21.4-9.16B+1.34i2-0.11(Z^-^») 

In  the  same  way,  as  is  shown  below,  for  the  spiegcl  furnace. 

Jf=14.3-5.31B-H).0/?-0.09(ir-irj  (5) 

This  equation  is  determined  as  follows:  The  rmis  in  Table  18, 
arranged  in  order  of  decreasing  basicity,  are  divided  into  two  groups 
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of  15  runs  each,  group  1  representing  runs  having  the  highest  basicity 
and  group  2  tJiose  having  the  lowest.  The  runs  are  rearranged  in 
order  of  decreasing  K — K^,  and  two  further  groups — group  3,  rep- 
resenting runs  with  excess  carbon,  and  group  4,  representing  runs 
with  deficiency  of  carbon — are  selected.  The  average  values  of  M 
B,  and  K — K^  for  these  four  groups  appear  in  Table  27. 

Table  27. — Results  of  furnace  runs  arranged  to  show  variation  of  manganese  in  slag 
according  to  basicUy  of  slag  and  according  to  excess  or  deficiency  of  ovbonftiel. 


Group. 

Basicity. 

Excess 
carbon. 

Manganese 
in  slag. 

1 
2 
3 
4 

1.36 
1.14 
L39 
1.21 

Pounds. 
133 
137 
392 

831 

PereerU. 
6.60 
8.09 
6.89 
8.01 

From  these  figures,  assuming  that  the  value  of  M  can  be  expressed 
in  the  form  given  in  equation  5,  a  simple  calculation  shows:  (a) 
That  one  unit  increase  in  basicity  lowers  the  manganese  in  the  slag 
5.31  per  cent;  (J)  That  100  pounds  of  carbon  lowers  the  manganese 
in  the  slag  0.09  per  cent. 

To  show  that  the  rate  of  driving  does  not  affect  the  manganese 
content  of  the  slag,  the  runs  can  be  again  rearranged  in  order  of 
decreasing  R  (rate  of  slag  formation  per  square  foot  of  hearth  area), 
giving  two  further  groups — group  5  representing  runs  with  fast 
driving,  and  group  6,  representing  runs  with  slow  driving.  The 
average  values  of  M,  B,  K — K^,  and  R  for  groups  6  and  6  are  given 
in  Table  28. 

Table  28. — Results  of  furnace  runs  arranged  to  show  variation  of  manganese  in  slag 

according  to  rate  of  driving. 

Group  6.   Group  G. 

Basicity  ratio 1.  24  1.  23 

£xcea9  carbon,  pounds 256  208 

Rate  of  driving,  expressed  in  pounds  of  slag  made  per  min- 
ute per  square  foot  of  hearth  area. 2.  8G  1.  48 

Mn  in  slag,  per  cent 7.  81  7.  47 

Although  the  rate  of  driving  differs  by  1.38  pounds  of  slag  per 
minute  per  square  foot  of  hearth  area,  the  difference  of  0.34  per 
cent  manganese  in  the  slag  is  exactly  accoimted  for  by  the  difference 
in  the  values  of  B  and  of  K — K^.  This  might  well  have  been  antici- 
pated. The  curve  in  figure  10,  (p.  127),  showing  the  relation  of  the 
percentage  of  manganese  in  the  slag  to  the  rate  of  driving  for  the 
ferromanganese  furnace,  is  convex  downward.  When  two  or  more 
pounds  of  slag  per  square  foot  of  hearth  area  is  being  produced,  the 
time  factor  is  of  importance.  The  lower  end  of  this  curve,  however, 
shows  a  distinct  flattening  with  a  driving  rate  as  low  as  1 .6  pounds  of 
slag  per  minute.    It  is  a  peculiar  coincidence  that  the  average  rate 
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of  slag  formation  in  both  the  spiegel  practice  and  in  the  ferro  prac- 
tice is  just  2.1.  As  regards  merely  the  reduction  of  MhO|  there 
seems  to  be  no  necessity  for  running  the  spiegel  furnace  as  slow  as 
the  ferro  furnace.  There  is  so  much  more  MnO  per  pomid  of  gross 
ferro  slag  to  be  reduced  that  the  ferro  slag  should  probably  enter 
the  hearth  only  at  one-third  the  rate  that  is  found  economical  in 
spiegel  practice. 

Seemingly,  two  conclusions  may  be  drawn  from  these  facte: 

(1)  That  overdriving  results  in  a  loss  of  manganese,  while  under- 
driving  does  not  result  in  any  corresponding  saving  of  manganese. 

(2)  That  the  spiegel  furnaces  investigated  were  driven  much 
slower  than  is  shown  necessary  by  any  facts  presented  in  this  paper. 

It  is,  of  course,  possible  that  through  other  causes  furnace  diffi-^ 
culties  might  arise  with  fast  driving,  although  no  evidence  of  such 
an  effect  is  at  hand. 

STACK  LOSS. 

The  '  *  stack  loss  "  is  a  factor  of  less  importance  in  the  spiegel  furnace 
than  in  the  ferro  furnace;  the  average  value  is  only  6.72  per  cent, 
whereas  for  ferromanganese  it  was  shown  to  be  12.8  per  cent.  The 
mdividual  values  vary  from  +39.2  to  =19.2,  a  range  of  58.4  per 
cent.  The  individual  values  for  ferro  stack  loss  varied  over  a  range 
of  32.9  per  cent. 

The  stack  loss  shown  in  Table  18  does  not  seem  to  be  connected 
with  any  of  the  other  operating  quantities.  The  30  runs  were  divided 
in  half,  giving  two  groups  of  15  runs  each;  one  group  included  runs 
with  the  larger  stack  losses  and  the  other  included  runs  with  the 
smaller  stack  losses.  The  average  values  of  the  figures  that  may 
have  some  possible  connection  are  given  in  Table  29  following: 

Table  29. — Results  of  furnace  runs  arranged  to  show  comparative  effects  of  large  and 

of  small  stack  losses. 

FuTOAoeB  Fumaoes 

Item.                                                 ydth  large  with  small 

stack  loss.  stack  loss. 

Stack  loss,  per  cent 15.5  —2.22 

Silicon  in  the  metal,  per  cent 1.  92  1.  57 

Basici  ty 1.  25  1. 27 

Blaat  temperature,  **F 1, 130  1, 018 

Top  temperature,  ®F 633  525 

Slag  per  ton,  pounds 2,930  3,320 

Manganese  in  slag,  per  cent 7.  42  7. 69 

Carbon  burned,  pounds 3,260  3,665 

Recovery,  per  cent 55. 9  64. 5 

Excess  carbon,  pounds —  35  110 

» 

The  difference  between  the  stack  losses  in  the  two  groups  is  17.7 
per  cent.  None  of  the  other  factors,  however,  show  enough  varia- 
tion to  be  responsible  for  such  a  change  in  the  stack  loss.  In  the 
first  group  the  silicon  content  in  the  metal  is  higher,  as  is  also  the 
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top  tempenaiui*^,  while*  t^e  maagftaese  in  the  slag  is  lower.  These 
ftttMihftngee  ia  ihe  right  direction  to  account  for  a  stack  loss,  although 
they  can  not  explain  it  quantitatively.  The  fact  that  the  basicity 
is  identical  in  the  two  groups  is  important,  as  it  has  been  thought  by 
some  that  "liming  up"  the  slag  tends  to  increase  the  stack  loss. 

SXJMHABT  OF  OBSERVATIONS  ON  SPIEGELEISEN  FBACTIGE. 

The  average  recovery  of  manganese  in  the  production  of  spiegel- 
eisen  was  foimd  to  be  60.22  per  cent,  the  loss  of  39.78  per  cent  being 
distributed,  one-sixth  to  the  stack  and  five-sixths  to  the  slag. 

Although  the  individual  values  for  stack  loss  were  very  irregular, 
it  appears  that  they  were  not  affected  by  the  basicity  of  the  slag, 
the  temperature  of  the  top  gas,  nor  the  carbon  fuel  charged.  There 
seems  to  be  no  way  to  reduce  this  anomalous  quantity.  On  the 
other  hand,  the  evidence  does  show  that  the  stack  loss  will  not  be 
increased  by  increasing  the  basicity  of  the  slag. 

The  slag  loss  is  decreased  by  increasing  the  basicity  of  the  slag.  The 
average  basicity  of  the  spiegel  slags  investigated  was  CaO  +  MgO  h-  SiO, 
=  1.26;  it  seems  that  this  basicity  ratio  is  uneconomically  low.  The 
percentage  of  manganese  in  the  slag  is  shown  to  be  independent  of 
the  rate  of  slag  formation;  it  is  also  shown  that  the  spiegel  furnaces 
are  operated  much  more  slowly  than  the  manganese  oxide  reduction 
demands. 

To  make  a  ton  of  metallic  manganese  in  the  form  of  spiegel  requires 
78  per  cent  more  carbon  fuel  than  is  required  to  make  a  ton  of  metallic 
manganese  in  the  form  of  f erro.  This  greater  fuel  consumption  is  due 
largely  to  the  enormous  amount  of  silica  carried  in  the  spiegel  ore 
with  the  manganese,  namely,  1.16  tons  of  silica  to  1  ton  of  manganese. 
In  this  respect  the  ferro  investigation  and  the  spiegel  investigation 
do  not  overlap.  The  most  siliceous  ferro  ores  used  (containing  0.5 
ton  of  SiOa  per  ton  of  Mn)  have  a  SiOj  :Mn  ratio  just  equal  to  that 
of  the  least  siliceous  spiegel  ores  used.  The  successful  operation  of 
spiegel  furnaces  on  very  siliceous  ores,  however,  indicates  that  the 
silica  specifications  on  high  grade  manganese  ores  have  been  much 
too  stringent. 

Practically  all  of  the  conclusions  reached  in  regard  to  the  produc- 
tion of  ferromanganese  are  applicable  to  spiegel  production.  In 
making  speigeleisen,  the  use  of  better  coke  and  stone  has  some  ad- 
vantages, but  not  sufficient  to  permit  such  bonuses  for  low-silica 
stone  and  coke  as  would  be  permissible  in  ferro  practice;  because  the 
silica  in  the  spiegel  slag  comes  largely  from  the  ore  gangue,  and  be- 
cause manganese  in  the  form  of  spiegel  ore  is  less  expensive  than 
manganese  in  the  form  of  ferro  ore. 

Prices  for  spiegel  ores  have  not  been  fixed,  as  for  ferro  ores,  but 
are  subject  to  individual  contract,  so  a  discussion  of  profits  in  spiegel 
operation  will  not  be  attempted. 


CHAPTER  9.— NATIONAL  IMPORTANCE  OF  ALLOCATING 
LOW-ASH  COKE  TO  MANGANESE  ALLOY  FURNACES. 


Bv   P.   H.    ROYSTfiR. 


IE  TBODITCTOB Y  STATEXEVT. 

During  1918  an  investigation  of  manganese  alloy  farnaces  with 
particular  reference  to  the  character  and  quality  of  the  coke  being 
supplied  to  the  furnaces  was  conducted  by  the  Bureau  of  Mines. 
Twelre  typical  blast  furnaces  producing  ferromanganese  and  spiegd- 
dsen  were  examined.  These  12  furnaces  produced  approximately 
40  per  cent  of  the  total  output  of  manganese  alloys  in  the  United 
States  and  <^er  a  fair  representation  of  the  industry  as  a  whdb. 

It  developed  that  the  poor  quality  of  the  coke  in  general  use  was 
responsible  for  serious  waste,  both  of  manganese  and  of  coke.  This 
fact  was  of  vital  interest  not  only  to  the  Bureau  of  Mines,  but  also 
to  the  Fuel  Adnmmtaration. 

FXJEVACE  DATA. 

The  12  furnaces  studied  furnished  the  following  statistics: 

J>aia  regarding  12  blastfurnaces  produeir^g ferromangaTiese  and  spiegtleigen. 

Furnaces 

making  Jvnmeta 
feiTO>  malting. 

Item.  maagaacse.  epiaevlefaan. 

Number  oEfxxmacea  investigated 6  6 

Average  monthly  output  of  alloys^  July  and  August^ 

tons 9,966  11,736 

Avenge  coke  per  ton  of  alloy,  tons 3.25  2.12 

Total  coke  oonsumed,  tons 32,3S7  24,880 

Average  mangn  neae  in  alloys,  toaa 73.0  17.5 

Metallic manganeBO in  alloys,  tons 7,266  2,100 

CoBvemion  Iosb,  per  cent 29  38 

Metallic  BAiigaiieae  in  ores,  tons 10,266  3,380 

AvcMige  mang^wwe  in  ores,  per  cent 40.6  12:8 

Total  ore  consumed,  tons 25,276  26»602 

IMPOBTAMCB  OF  ALLOCATIV&  LOW*ASH   COKE  TO 

HAlTQAlfESE  FUBEACES. 

A  total  of  about  57,000  tons  of  coke  per  month  was  being  con- 
sumed by  tito  12  furnaces  under  review.  This  coke  was  foond  to  con- 
tain ttn  avori^  of  nearly  14.5  per  cent  ash,  or  over  7  per  cent  siKca. 

The  principal  losses  of  manganese  in  ^e  mannfactiire  ci  alloy 
are  in  the  slag,  these  losses  bong  roo^y  proportional  to  the  slag 
Tolnme.  The  controlling  slag-forming  element  is  aSiea.  Sihe&incoke 
is  more  hannful  than  silica  in  ore  becaose  it  not  onfy  inereaBea  the 
slag  volume  but  also  diminishes  the  efficiency  of  the  coke^  making 
more  coke  necessary,  which  in  turn  introduces  more  silica^  thereby 
again  increasing  the  slag  volume  and  the  coke  requirement    In  f  aet^ 
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if  tke  coke  eontains  as  much  as  20  per  cent  ash,  the  vicioxis  circle  may 
be  complete,  all  further  additions  of  coke  serving  tio  purpose  what- 
ever. It  is  obvious  that  the  more  nearly  this  extreme  is  reached,  the 
m<»re  wasteful  tiie  process  becomes,  both  as  to  manganese  and  as  to 
coke.  Conversely,  with  bett^  coke,  less  coke  is  needed  and  more 
manganese  is  savecL 

Comparative  observations  made  and  recorded  demonstrate  if  the 
12  furnaces  under  review  had  be^a  supplied  with  coke  containing 
&  pes  eent  ash  instead  of  14.5  p^  cent,  the  same  monthly  tonnage  of 
alloys  could  h&ve  been  produced  with  about  40,000  tons  of  coke 
instead  of  the  57,000  tons  actually  used.  At  the  same  time,  the 
conversion  loss  of  metallic  manganese  would  have  been  reduced 
from.  29  per  cent  to  14  per  cent  for  ferro^  and  from  38  per  cent  to 
29  per  cent  for  sfmgA.  The  net  result  of  this  last  would  have  been 
a  saving  of  1,826  tons  of  metallic  manganese,  equivalent  to  4,560 
tons  of  40  per  cent  ore  in  the  case  oi  ferro;  and  a  saving  of  420  t<ms 
of  metallie  manganese,  equivalent  to  3^0  tons  of  13  per  cent  ore 
in  the  ei^e  of  spiegel. 

Eixtending  these  figures,  which  represent  actual  conditions  as  to 
dbout  40  per  cent  of  the  coimtry's  (1918)  output  of  manganese  alloys, 
to  cov^  the  entire  estimated  requirement  ol  such  alloys  for  the  year 
1919,  gives  the  following  results: 

1.  Estimaled  requirement  for  1919,  280,000  tons  metallic  manganese  of  which  20  per 

cent  shall  be  in  the  form  of  spiegel.  -  Tons  of  coke. 

2.  56,00<N-17  per  cent=33a,000  tM»  spiegel  X2.12= 699,  600 

224,000-«-72  per  cent  =312,000  l<Miflf«rroXa.25= 1, 014,  OOP 

Total  requirement  of  14.5  per  cent  ash  coke 1, 713, 600 

Saving  throngh  use  of  good  qnaKty  coke,  31  per  cent 532, 000 

Total  requirement  of  8  per  ceot  ash  coke 1, 181, 600 

Poor  coke.         Qood  coke.        Saving. 

3.  Spiegel  conversion  loss,  per  cent 38  29        

Tbne  Mn  needed  for  spiegel 90,000  79,000  11,000 

Tans  IS  per  cent  are  needed  for  spiegel 690,000  606,000  84,000 

Feno  convenion  loss,  per  cent 29  14        

Tona  Mn  needed  for  ferro 315,000  262,000  53,000 

Tons  40  per  cent  ore  needed  for  ferro 786,000  655,000  131,000 

In  shorty  by  allocating  low-ash  coke  during  1919  to  the  manganese- 
alio  J  fumacesy  there  may  be  saved  OYer  half  a  million  tons  of  coke; 
about  131,000  tons  of  manganese  ore  of  ferro  grade;  about  84,000  tons 
of  ore  ol  spiegel  grade;  and  a  total  of  about  64^000  tons  of  metalUc 
manganese. 

The  effect  of  such  allocation  on  the  production  of  pig  iron  must, 
however,  be  considOTed.  The  pig-iron  industry  would  be  deprived 
of  roughly  1,200,000  tons  of  good  coke  and  receive  instead  about 
1,700,000  tons  of  relatively  poor  coke. 

In  the  manufacture  of  pig  iron,  poor  coke  does  not  cause  any  in- 
crease in  loss  of  metallic  iron.  The  substitution  of  14.5  per  cent  ash 
coke  for  8  per  cent  ash  coke  would,  however,  cause  about  10  per  cent 
decrease  in  production  and  about  20  per  cent  increase  in  the  use  of 
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coke.  The  decrease  in  production  is  the  direct  result  of  having  to 
use  an  increased  amount  of  coke. 

The  net  effect  would  be  a  decrease  in  the  production  of  pig  iron  of 
about  120,000  tons,  and  an  increase  in  coke  consumption  of  about 
240,000  tons.  One  hundred  and  twenty  thousand  tons  is  approxi- 
mately one-third  of  1  per  cent  of  the  total  pig-iron  output  of  the 
country. 

However,  as  the  pig-iron  industry  would  receive  500,000  tons  more 
coke  than  it  would  be  asked  to  release  there  would  be  enough  coke 
left,  after  supplying  the  above  additional  requirement  of  240,000 
tons,  to  make  up  the  deficiency  in  pig  iron  and  still  leave  a  mai^n  of 
120,000  tons. 

Therefore  the  net  coke  supply  would  be  actually  increased,  while 
maintaining  the  pig  output  at  its  present  level;  but  about  130,000 
tons  additional  furnace  capacity  would  have  to  be  provided. 

The  greater  part  of  this,  namely,  at  least  100,000  tons,*  would  be 
furnished  by  the  manganese-alloy  industry,  because  its  furnace  re- 
quirements would  be  reduced  by  this  amount,  while  producing  the 
same  tonnage  of  alloys,  on  account  of  having  high-grade  coke.  The 
small  balance  must  be  made  up  from  some  other  source.  As  bearing 
upon  this  point,  it  is  interesting  to  note  the  following  statistics: 

Data  an  pig-iron  blastfurnaces  in  the  United  States. 

Number. 

In  blast,  Aug.  31,  1918 371 

In  blast,  Sept.  30,  1918 364 

Out  of  blast,  Sept.  30,  1918.... 74 

Total  furnaces,  Sept.  30,  1918 438 

Average  yearly  capacity  per  furnace  (approximate),  tons 100, 000 

CONCLUSION. 

Without  doubt,  a  large  proportion  of  the  furnaces  idle  (Oct.  1, 1918) 
are  small  and  poorly  equipped.  But,  in  view  of  the  immense  national 
importance  of  allocating  low-ash  coke  to  the  manganese-alloy  f urnaces, 
it  would  seem  justifiable  to  exert  pressure  on  the  pig-iron  industry  to 
make  up  the  resulting  slight  loss  of  furnace  capacity  from  among  the 
furnaces  now  idle. 

The  figures  given  herein  are  based  on  a  grade  of  coke  which  is  to-day 
admittedly  scarce;  on  the  other  hand,  the  total  requirements  of  the 
manganese-alloy  furnaces  are  only  a  small  proportion  of  the  total  coke 
output  of  the  country.  The  best  coke  available,  whatever  its  grade 
may  be,  should  be  allocated  to  these  furnaces ;  and  if  the  average  ash 
proves  to  be  somwhat  more  than  8  per  cent,  the  savings  made,  while 
proportionately  less  than  shown  above,  will  still  be  of  the  utmost  im- 
portance. 

In  making  these  figures,  commercial  aspects  have  been  constantly 
kept  in  mind.  The  figures  are  not  theoretical ;  they  represent  what 
it  is  believed  can  actually  bo  accomplished. 

«  Furnaces  oapablo  of  making  68,000  tons  of  spiegel  per  year  could  be  released  for  pig  production.    Tlie 
estimate  of  100,000  tons  pig  from  these  furnaces  is  low.    A  100-ton  pig  furnace  will  not  make  «8  tons  of  spiegd. 


CHAPTER  10.— ELECTRIC  SMELTING  OF  DOMESTIC  MAN- 

GANESE  ORES, 


By  H.  W.  GiLLETT  and  C.  E.  Williams. 


IlSrTBODUGTORY   STATEMENT. 

The  utilization  of  domestic  manganese  ores  has  been  an  important 
war-time  problem,  and  its  bearing  on  national  self-sufficiency 
makes  it  worthy  of  attention  even  in  times  of  peace.  This  paper 
deals  only  with  the  utilization  of  low-grade  domestic  ores  by  electric 
smeltmg. 

As  a  rule,  blast  furnaces  can  not,  in  normal  times,  economically 
use  ores  averaging  much  below  40  per  cent  Mn  and  much  above 
12  per  cent  SiOa,  although  during  the  war  these  limits  were  exceeded. 
The  United  States  contains  large  tonnages  of  ores  lower  in  Mn  and 
higher  in  SiOj  which  may  be  amenable  to  electric  smelting.  An 
electric-furnace  plant  can  be  constructed  more  rapidly  and  can  be 
economically  operated  in  smaller  units  than  a  blast  furnace;  also  it 
can  be  situated  wherever  a  suitable  supply  of  ore  and  a  suitable 
water-power  development  are  foimd  near  each  other.  An  ore  deposit 
inadequate  to  supply  a  modem  blast  furnace  would  last  a  rather 
large  electric  furnace  for  a  considerable  time.  Hence,  the  smaller 
electric  imit  can  be  so  located  that  the  transportation  charges  are 
less  than  if  the  ore  were  shipped  to  a  more  distant  blast  furnace. 

The  writers  wish  to  acknowledge  the  valuable  assistance  of  Messrs. 
E.  L.  Mack  and  F.  C.  Ryan,  of  the  Bureau  of  Mines,  and  of  Lieuts. 
L.  S.  Deitz,  jr.,  and  J.  G.  Thompson,  Ordnance  Department,  and 
Pvt.  E.  O.  Denzler,  of  the  Chemical  Warfare  Service,  who  aided  in 
the  experimental  and  analytical  work.  Grateful  acknowledgment  is 
also  made  to  the  Chemical  Department  of  Cornell  University  for  the 
use  of  its  electric-furnace  equipment  and  of  its  analytical  laboratory. 

PBESENT   DEVELOPMENT   OF   ELECTBIC   SMELTING   OF 

DOMESTIC   OBES. 

Electric  smelting  of  local  ores  has  been  considerably  developed. 
The  Southern  Manganese  Corporation,  Anniston,  Ala.,  has  eight 
furnaces,  some  of  them  of  3,000  kilowatt  size,  operating  on  local 
ore.**    TTie  Anaconda  Copper  Co.^  will  soon  be  operating  five  3,000- 

a  Swann,  T.,  (news  itom):  Met.  and  Chem.  Eng.,  vol.  18, 1918,  p.  512. 

b  Anonymous,  Electric  furnace  for  manganese  ores:  West.  Elcc.,  vol  73, 1918,  p.  218;  Cbem.  Aln.,  vol  12, 
1918,  p.  1856. 
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kilowatt  furnaces  at  Great  Falls,  Mont.,  on  uncalcined  rhodochrosite 
ore  from  Butte,  Mont.,  and  will  probably  also  use  some  ore  from 
Philipsburg,  Mont.  Washed  Philipsburg  ore  is  also  smelted  by  the 
Bilrowe  Alloys  Co.,  Tacoma,  Wash.,  in  six  360  to  400'kilo watt  furnaces, 
and  this  firm  has  also  smelted  ore  from  the  Olympic  Mountains  in 
Washington. 

The  Noble  Electric  Steel  Co.,  Heroult,  Calif.,  smelts  California  ores 
in  two  1,300  to  1,500-kiiowatt  furnaces.  The  Pacific  Electro  Metals 
Co.  makes  ferromanganese and silicomajiganese  in  a  3,000-kilowatt  fur- 
nace at  Bay  Point,  Calif.,  from  California  ores. 

The  Iron  Mountain  Alloy  Co.,  Utah  Junction,  Calif.,  runs  a  1,200- 
kilowatt  and  an  1,800-kilowatt  furnace  on  Colorado,  Utah,  and 
Nevada  ores. 

The  Western  Keduction  Co.,  Portland,  Oreg.,  is  just  starting  the 
production  of  ferromanganese  in  a  700-kilowatt  furnace. 

ELECTSIC   SMELTING   PSAGTICE   ON  FESSOKAVOAHESE. 

FUBNACES  USED. 

Practice  in  making  ferromanganese  differs  shghtly  at  the  various 
plants,  but  in  general  is  uniform.  Keeney*  has  recently  described 
the  Iron  Moimtain  Alloy  Co.'s  practice.  B\irnace  voltages  (electrode 
to  charge)  run  from  55  volts  in  the  350-kilowatt  size  to  85  in  the 
3,000-kilowatt  size.  The  furnaces  are  usually  three-phase,  three-elec- 
trode, open-top  furnaces,  the  exceptions  being  those  of  the  Bilrowe 
Alloys  Co.,  which  are  single-phase,  and  those  of  the  Noble  Electric 
Steel  Co.,  which  are  of  a  three-phase,  four-electrode  type.  "Die 
general  type  of  furnace  used  is  the  rectangular  form  described  by 
Lyon,  Keeney,  and  CuUen.^  The  Noble  furnace  is  described  by 
Vom  Baur.* 

The  furnace  lining  is  usually  carbon  or  magnesite,  rarely  water- 
cooled  fire  brick.  The  furnaces  are  charged  continuously  and 
tapped  every  two  hours.  Slag  and  metal  are  tapped  together  into 
a  settler.  A  few  plants  use  round  electrodes  jointed  for  continuous 
feed,  which  should  reduce  the  electrode  consumption.  However, 
in  most  plants  the  feed  is  not  continuous,  and  the  butts  are  scrapped. 
Seemingly,  a  Scott-connected,  two-phase  circuit  from  a  three-phase 
circuit  with  the  conducting  bottom  of  the  furnace  as  the  neutral 
electrode,  and  two  upper  electrodes,  might  reduce  the  electrode  con- 
sumption by  presenting  only  two  instead  of  three  electrodes  to  oxida- 

a  Keeney,  B.  M.,  The  manoiiacture  of  ferro-alloys  in  the  electric  furnace.  BolL  Am.  Inst.  Min.  Kng^ 
vol.  140,  August,  1918,  pp.  1321-1373. 

b  Lyon,  D.  A.,  Keeney,  B.  M.,  and  CuIleB,  J.  F.  The  electric  furnace  in  metalluiKical  wcrk:  Bull.  77, 
Bureau  of  Mines,  1014,  p.  113. 

c  Rodcnhauser,  W.,  Schoenawa,  J.,  and  Vom  Boor,  C.  H^  Electric  furnaccn  in  the  iron  and  steel  industry, 
1017  cd.,  p.  365. 
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tioiiy  while  still  allowing  the  coDStruction  of  a  furnace  of  high  kilowatt 
capacity  without  the  upper  electrodes  being  required  to  carry  too 
much  current. 

BAW  MATERIAI4S  EMPLOYED. 

The  ores  of  mixtures  used  at  all  these  plants  vary  between  39.5  to 
43.5  per  cent  manganese  and  15  to  25  per  cent  silica  with  low  phos- 
phorus, averaging  about  40  per  cent  manganese,  20  per  cent  silica, 
0.20  per  cent  phosphorus,  and  less  than  4  per  cent  f  erro.  The  Great 
Falls,  Mont.,  plant  will  be  an  exception,  as  it  will  operate  largely  on 
Butte  rhodochrosite  ore  which  is  extremely  low  in  silica  and  phos- 
phorus. 

The  plants  all  flux  the  ore  with  limestone,  except  the  plant  at 
Heroult,  Calif.,  which  uses  a  little  fluorspar.  Also  they  produce  a 
slag  whose  average  composition  is  10  to  12  per  cent  Mn.,  35 
to  40  per  cent  CaO-fMgO,  about  30  per  cent  SiO^,  and  such  small 
amounts  of  AI3O,  as  are  carried  by  the  ores.  The  latter  are  all  low 
in  alumina  with  the  exception  of  occasional  lots  smelted  at  Annis- 
ton,  Ala. 

AVERAGE  BESULTS  OBTAINED. 

The  power  consumption  and  the  electrode  consumption  in  the 
various  furnaces,  brought  to  the  basis  of  a  3,000-kilowatt  furnace, 
average  5,000  kilowatt-hours  and  170  pounds  of  carbon  electrodes 
per  long  ton  of  80  per  cent  f  erromanganese. 

As  the  ores  are  low  in  iron,  a  little  iron  ore,  or  better  and  more 
generally  used,  some  steel  scrap,  is  added  to  supply  enough  iron  to 
bring  the  alloy  to  80  per  cent  manganese.  The  alloys  contain  0.20 
to  0.40  per  cent  phosphorus,  the  former  figure  being  aimed  at,  but 
the  latter  being  taken  by  the  trade  while  the  ferro  supply  is  low. 
The  California  ores  are  low  in  phosphorus;  consequently  the  Cali- 
fornia alloys  meet  the  lower  figure.  The  silicon  content  runs  under 
2  per  cent,  though  it  sometimes  goes  up  to  5  per  cent  in  the  Anniston 
product  when  ores  higher  than  usual  in  silica  are  employed. 

The  Anniston,  Anaconda,  and  Iron  Mountain  plants  use  anthracite 
coal  as  reducer;  the  Bay  Point  and  Tacoma  plants  use  coke;  and  the 
Heroult  plant  uses  about  half  coke  and  half  charcoal. 

The  recovery  of  manganese  averages  75  per  cent,  being  nearer  80 
per  cent  on  ores  of  15  per  cent  silica  and  nearer  70  on  those  of  25 
per  cent  silica  content.  From  a  sixth  to  a  third  of  the  conversion 
loss  is  due  to  volatilization  and  dusting,  and  slag  losses  account  for 
the  rest.  In  the  blast  furnace  operating  on  low  silica  ores  these 
losses  are  exactly  reversed,  slag  accounting  for  only  a  sixth  to  a 
third  and  the  rest  being  due  to  volatilization  and  dusting.** 

a  Newton,  Edmund,  Mangaoiferous  iron  ores  oC  the  Cuyuiia  District,  Minn.,  Boll.  6,  Minn   Bchool  of 
Mines  Sta.,  University  of  Minn.,  1918,  p.  74. 
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EFFECT   OF   HIGH   SILICA   IH   ORES. 

It  is  seeii  that  the  electric  smelting  plants  use  ores  higher  in  silica 
than  are  standard  for  blast-furnace  practice,  but  that  25  per  cent 
silica  is  the  present  limit  in  ores  used  for  making  ferromanganese. 

The  trouble  that  silica  causes  is  reflected  in  the  manganese  price 
scale  of  the  War  Industries  Board,**  by  which  an  ore  with  40  per 
cent  manganese  and  8  per  cent  silica  is  worth  $40.80  per  ton  and  one 
with  35  per  cent  manganese  and  35  per  cent  silica  only,  $7.45  per 
ton.  The  scale  does  not  run  below  35  per  cent  manganese,  but  if  it 
did  an  ore  with  27  per  cent  manganese  and  35  per  cent  silica  would 
be  worth  nothing,  the  penalty  for  silica  entirely  wiping  out  the  value 
of  the  manganese  even  though  calculated  at  the  same  price  per  unit 
as  given  in  the  scale  for  a  35  per  cent  manganese  content. 

CONCENTBATION  OF  OBES. 

The  Philipsburg  and  the  Butte,  Mont.,  districts  contain  vast  ton- 
nages of  manganese  ores  containing  around  25  per  cent  manganese 
and  35  per  cent  silica,  to  say  nothing  of  the  rhodonite  ores  of  Colo- 
rado and  of  the  tailings  from  concentrating  ores  by  washing  or 
screening.^ 

Some  concentration  of  domestic  ores  is  done,^  but  in  general  con- 
centration, is  not  very  successful^  and  a  slight  improvement  in  the 
method  of  handling  low-grade  ores  might  make  it  more  desirable  to 
smelt  the  run-of-mine  ore  than  to  attempt  concentration.  It  is 
stated^  that  some  ores  could  be  concentrated  after  fine  crushing; 
also  that  leaching  and  electrolytic  deposition  of  the  manganese 
oxide  is  possible.  The  product  would,  however,  be  fine  powders 
and  would  be  extremely  difficult  to  smelt  in  the  usual  fashion,  keep- 
ing the  shaft  full  of  charge,  unless  first  briquetted  or  sintered.  It  is 
not  certain  that  briquetting  or  sintering  could  be  successfully 
applied. 

BEDUCTION  OF  SILICON. 

Even  though  the  usual  basic  slag  be  employed  when  smelting  ores 
high  in  silica,  silicon  is  reduced  and  enters  the  alloy  when  the  slag 
volume  is  high.  Newton  1  states  that  this  is  true  in  the  blast  fur- 
nace. Swann^  also  indicates  it  for  electric-furnace  operation,  stating 
that  slags  from  electric  smelting  containing  12  to  14  per  cent  Mn,  40 
per  cent  CaO,  and  30  per  cent  SiO,  can  be  smelted  to  an  alloy  con- 

a  Chapter  1  of  this  bulletin. 

b  See  Pardee,  7.  T.,  Manganese  at  Butte,  Mont.:  U.  S.  Geol.  Survey  Bull.  690, 1018,  pp.  Ul-130;  Harder, 
E.  C,  Manganiferous  iron  ores;  U.  S.  Geol.  Survey  Bull.  666-«e,  1917, 13  pp. 

c  See  Swann,  T.,  place  cited;  Anonymous,  Manganese  concentrator  at  Phillpsbuig,  Mont.:  Met.  and 
Chem.  Eng.,  vol.  18, 1918,  p.  625. 

4  See  Pardee,  J.  T.,  work  dted,  p.  11;  Harder,  E.  C,  work  cited,  p.  13;  Newton,  E.,  work  otted,  p.  57. 

<News  Item,  Manganese  in  California:  Chem.  and  Met.  Eng.,  vol.  19, 1918,  p.  702. 

/  Newton,  E.,  work  cited,  p.  72. 

9  Swann,  T.,  place  cited. 
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taining  60  per  cent  Mn  and  19  per  cent  Si.  Had  the  original  smelting 
been  carried  on  far  enough  to  reduce  more  of  the  manganese,  coiisid- 
erable  silicon  would  have  been  reduced  also.  A  high  temperature 
and  a  large  amount  of  reducing  agent  are  needed  to  drive  the  man- 
ganese out  of  the  slag,  and  these  conditions  favor  the  reduction  of 
silicon. 

As  in  smelting  high-silica  ores  some  silicon  will  in  any  event  go  into 
the  alloy;  it  appears  that  it  will  probably  be  best  to  make  an  alloy 
with  15  to  20  per  cent  silicon.  In  fact,  utilization  of  ores  high  in 
silica  appears  to  demand  such  a  silicon  content. 

PRODUCTION  OF  StLICOMANGANESE. 

Very  little  silicomanganese  has  been  used  in  the  United  States, 
although  it  is  widely  used  abroad,  being  made  in  large  amounts  in 
Sweden,  France,  and  Switzerland.  Harden  *  gives  the  Swedish  pro- 
duction of  ferromanganese  as  2,000  tons  per  year  and  that  of  silico- 
manganese as  3,500  to  4,000  tons.  He  says  the  silicomanganese  is 
made  from  a  mixture  of  manganese  ore  and  quartz.  Lyon,  Keeney, 
and  Cullen  ^  state  that  it  is  also  made  from  rhodonite  ore.  Swedish 
practice  is  said  ^  to  utilize  Bessemer  and  blast-furnace  slags  for  the 
manufacture  of  silicomanganese. 

While  the  demand  for  silicomanganese  is  still  low  in  the  United 
States,  one  firm,  the  Pacific  Electro  Metals  Co.,  is  making  it.  The 
ore  used  contains  40  per  cent  Mn,  23  per  cent  SiO,  very  little  phos- 
phorus, and  practically  no  CaO,  MgO,  or  AljOj.  Quartz  is  added  to 
the  ore  to  form  a  mixture  of  about  30  per  cent  Mn  and  35  to  40  per 
cent  SiOj.  A  low-grade  ore  of  this  composition  would  be  acceptable. 
Steel  scrap  is  also  added  to  the  charge,  and  the  alloy  produced  runs 
50  to  55  per  cent  Mn.  20  to  25  per  cent  Si,  0.6  per  cent  C,  0.2  per  cent 
P,  and  the  remainder  iron.  The  power  consumption  per  long  ton  of 
alloy  produced  is  said  to  be  5,800  kw.-hours,  and  the  coke  consump- 
tion 1,400  to  2,000  pounds  in  a  3,000-kw.  furnace.  The  furnace  is 
run  without  flux,  low-ash  coke  being  desirable,  and  the  whole  charge 
is  reduced  to  metal,  just  as  in  ferrosilicon  smelting.  This  would  be 
possible  only  with  a  practically  gangue-free  ore. 

The  absence  of  slag  avoids  the  usual  loss  of  manganese  in  the  slag 
incident  to  making  ferro-alloy — the  manganese  recovery  in  making 
siUcomanganese  being  95  per  cent.  That  is,  with  an  ore  of  this 
grade,  20  per  cent  more  manganese  is  recovered  in  alloy  than  when 
ferro-alloy  is  made — or  4  tons  of  ore  made  into  silicomanganese 
gives  as  much  usable  manganese  as  5  tons  made  into  ferromanganese. 

a  Harden,  7.,  Utflication  of  maogaiMae  ores  in  Sweden:  Met.  and  Chom.  Eng.,  vol.  17, 1917,  p.  701. 

f>  Lyon,  D.  A.,  Keeney,  R.  M.,  and  Cullen,  7.  F.,  work  cited. 

cNews  item,  Manganese  from  steel  slags:  Min.  and  Sci.  Press,  toI.  116,  Apr.  6, 1918,  p.  48A, 
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As  regards  conseryationy  silicomanganese^  rather  than  ferro,  should 
therefore  be  made  from  ores  low  in  lime  and  alumina. 

The  addition  of  iron  is  probably  due  to  the.  buyer's  specification. 
It  is  illogical  to  add  iron^  use  power  to  melt  it,  and  then  have  to  ship 
it  to  the  steel  works  where  all  it  does  is  to  chill  the  steel  bath  when 
the  alloy  is  added.  By  leaving  out  the  iron  an  alloy  containing  68 
per  cent  Mn,  2  per  cent  Fe,  29.6  per  cent  Si,  0.3  per  cent  C,  and  0.23 
per  cent  P  could  be  produced  and  should  be  preferable  to  the  alloy 
now  made. 

FUTUBE  OF  HIGH-SILICA  OBES  DEPENDENT  ON  TTSE  OF  SHJCO- 

HANGANESE. 

Any  utilization  of  low-grade  ores  high  in  silica  postulates  that  the 
steel  industry  can  and  will  use  silicomanganese. 

Only  a  few  brief  calculations  are  required  to  prove  that  there  is 
enough  steel  produced  for  castings,  forgings,  etc.,  to  which  both 
ferromanganese  and  ferrosilicon  are  added,  to  absorb  a  very  large 
production  of  silicomanganese.  Common  sense  and  foreign  practice^ 
as  well  as  actual  large-scale  experiments  in  this  country,  indicate 
not  only  that  this  alloy  can  be  used,  but  that  its  use  is  distinctly 
desirable.** 

It  should  be  noted  that  the  high-sihcon  aUoys  contain  very  little 
carbon,  so  that  where  recarbmization  is  now  done  by  ferromanganese 
or  Spiegel,  other  means  of  recarburization,  such  as  the  use  of  charcoal, 
coal,  or  coke,  must  be  resorted  to  when  silicomanganese  is  substituted 
for  ferro  or  spiegel.  The  low  carbon  content  would,  on  the  other 
hand,  often  be  a  distinct  advantage. 

GARBOH   CONTENT   OF   MAHOAITESE   ALLOTS. 

The  relation  of  the  silicon  to  the  carbon  content  in  alloys  containing 
60  to  80  per  cent  manganese  is  shown  by  the  curve  in  figure  13. 
Silicospiegels  of  lower  manganese  content  will  give  a  curve  lying 
below  this  one,  as  iron  takes  up  less  carbon  than  manganese.  The 
smelting  temperature,  as  well  as  the  practice  with  r^ard  to  carbon, 
affects  the  carbon  content;  but  for  alloys  made  by  electric  smelting 
at  normal  smelting  temperature  and  with  an  excess  of  carbon,  the 
curve  is  closely  accura'te.  As  regards  alloys  with  less  than  5  per  cent 
silicon,  the  carbon  content  may  vary  about  0.75  per  cent  from  the 
values  shown  by  the  curve.  For  alloys  with  10  per  cent  silicon  the 
deviation  will  be  le^  than  0.5  per  cent  carbon;  for  those  with  15  per 
cent  silicon  and  higher,  the  deviation  will  be  only  0. 1  to  0.2  per  cent 
carbon. 

o  Sec  Bwann,  T.,  The  development  of  the  femnnatigaiiieae  industry  in  the  United  States  since  1914:  Chcm. 
and  Met.  Eng.,  vol.  19, 1918,  p.  972. 
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REASONS   FOR   EXPERIMENTAL    WORK. 

It  is  natural  that  commercial  electric-fm^nace  plants  should  pro- 
cure the  highest  grade  raw  material  available.  For  this  reason 
Uttle  is  known  about  the  actual  working  possibilities  of  low-grade 
manganiferous  ores.  If  any  experiments  have  been  made  on  such 
ores,  the  records  have  not  been  published.  Their  behavior  in  the 
electric  furnace  can,  to  a  certain  extent^  be  predicted  by  a  metal- 
lurgist skilled  in  smelting  high-grade  ores,  but  beyond  a  certain 
point,  such  predictions  become  little  more  than  speculation. 

As  the  United  States  has  immense  known  deposits  of  low-grade 
ores,  many  of  which  are  not  amenable  to  ordinary  methods  of 
gravity  concentration,  the  study  of  the  smelting  of  such  materials 
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FzatTRE  13.— Carve  showing  relation  of  carbon  to  silicon  in  lerro-silicomanganese  alloys. 

in  the  electric  furnace,  as  herein  described,  was  imdertaken  by  the 
Bureau  of  Mines.  It  was  felt  that  if  information  could  thereby  be 
secured  that  would  make  any  portion  of  these  immense  ore  reserves 
commercially  available,  a  real  contribution  would  be  made  to  the 
country's  resources. 

CLASSES   OF   LOW-GRADE   ORES. 

In  the  utilization  of  low-grade  domestic  ores,  one  would  naturally 
start  with  the  best  of  such  ores — that  is,  those  highest  in  manganese 
or  lowest  in  silica,  leaving  the  leaner  ores  until  experience  had  been 
gained  on  the  better  ores.  Attention  should,  then,  be  paid  (1)  to 
ores  high  in  silica,  low  in  manganese,  and  low  in  phosphorus,  like 
the  low-grade  Butte  ores;  (2)  to  similar  ores,  but  high  in  ratio  of 
phosphorus  to  manganese,  such  as  the  Philipsburg  ores;  and  (3) 
to  those  high  in  iron,  such  as  the  Cuyima  ores. 

Exact  analyses  of  the  low-grade  Butte  ores  are  not  available, 
but  from  Pardee's  statements «  we  may  assume  that  large  tonnages 


oPardee,  J.  T.,  Manganese  at  Butte,  Mont.:   U.  S.  Oeol.  Survey  Bull.  690, 1918,  pp.  123-125. 
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of  ore  containing  25  per  cent  Mn,  40  per  cent  SiO,  3.  5  per  cent  Fe, 
approximately  5  per  cent  AljOg,  less  than  0.  05  per  cent  P,  13  per 
cent  loss  on  ignition,  and  only  a  trace  of  CaO,  should  be  available. 
Obviously,  such  ore  would  be  eminently  fitted  for  the  manufacture  of 
silicomanganese,  smelting  without  a  slag,  provided  the  alumina  did 
not  form  a  stiflF  slag  of  sufficient  volume  to  give  trouble.  In 
attempting  complete  reduction  of  this  ore  some  aluminium  would 
probably  be  reduced  into  the  alloy;  but  as  this  aluminium  would 
act  first  in  the  deoxidizing  work  of  the  alloy  in  steel,  being  thus 
eliminated  and  at  the  same  time  protecting  the  manganese,  its  pres- 
ence would  probably  not  be  detrimental.  In  fact  silicomanganese- 
aluminum  of  high  aluminium  content  is  used  abroad  as  a  deoxidizer. 
The  low  phosphorus  content  of  this  ore  and  its  low  content  of  slag- 
forming  constituents  make  it  appear  one  of  the  most  promising  of 
the  low-grade  ore. 

The  Philipsburg  (Montana)  ore  is  low  in  iron  and  the  deposits  are 
large.  Special  lots  of  low-grade  Philipsburg  ore  have  given  the 
following  analyses : 

Results  of  analyses  of  low-grade  Philipsburg  {Montana),  mangaruse  ores. 


Lot  No. 

Mn. 

Fe. 

SiO. 

CaO-MgO-BaO. 

AlsOa. 

P. 

Ixisson 
ignition. 

1 

Per  cent. 
29.5 
26.6 
24.1 
28.7 
26.4 

Percent. 
2.5 
2.8 
1.6 
2.4 
2.5 

Per  cent. 
25.0 
35.9 
37.7 
28.5 
36.4 

Percent. 

9.6 
6.7 
7.7 
4.1 
7.5 

Per  cent. 
1.5 
5.8 
1.6 
3.4 
1.9 

Percent. 
0.105 
.24 
.37 
.14 
.21 

Percent, 
18.7 

2a 

13.3 

2b6 

12.7 

2nc 

14.6 

4e 

11.8 

a  Contained  both  lump  and  screeninRs.       ^  Lump  picked  off  grizzly.       c  Screenings,  i-inch  screen. 

The  lump  and  screenings  are  obtained  in  the  concentration  (by 
hand  picking  and  screening  only)  of  the  run-of-mine  ore.  The 
screenings  are  thought  to  constitute  about  20  per  cent  of  the  ore  as 
mined.  This  type  of  ore  is  too  basic  to  allow  running  without  a 
flux.  The  ratio  of  phosphorus  to  manganese  content  is  high. 
There  would  then  be  two  problems,  namely,  how  to  flux  the  ore  and 
how  to  obtain  an  alloy  low  in  phosphorus. 

EXPESIHENTAL   WOSK. 

To  solve  these  and  similar  problems,  advantage  was  taken  of  the 
electric-furnace  equipment  of  the  Bureau  of  Mines  field  office  at 
Cornell  University,  Ithaca,  N.  Y.  Small-scale  experiments  of  this 
sort  are  admittedly  inconclusive.  They  go  a  long  way,  however, 
toward  replacing  speculations  and  proving  theories,  and  may 
safely  be  used  as  guides  to  large  tests  on  a  commercial  scale. 

The  ores  used  in  the  tests  were  obtained  from  Philipsburg. 
Their  analyses  are  given  in  the  foregoing  table. 
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DESCRIPTION  OF  FT7BNACE  USED. 

A  single-phase  furnace  with  conducting  bottom,  with  a  carbofrax 
(carborundum)  lined  shaft  14  inches  in  diameter  and  18  inches  deep, 
surmounted  by  a  fire-brick  shaft  12  inches  deep,  was  built.  The 
upper  electrode  was  a  square  carbon  4  by  4  inches.  The  carbo- 
rundum lining  worked  well,  and  required  few  repairs.  What  little 
patching  was  required  was  readily  done  with  a  cement  of  fine 
carborimdum  and  water  glass.  Inasmuch  as  many  of  the  slags 
were  acid,  a  magnesite  lining  would  not  have  been  satisfactory. 
As  the  runs  were  intermittent  a  carbon  lining  would  have  been 
liable  to  oxidation  while  the  furnace  was  cooling  between  runs. 
The  furnace  uses  about  65  kw.,  or  1,450  amperes  at  60  volts,  with  an 
average  power  factor  of  90. 

PBEUMINABY  TESTS. 

Some  continuous  runs  of  about  14  hours  were  made  with  screenings 
that  passed  a  ^-inch  screen,  keeping  the  shaft  full  of  ore  and  tapping 
at  intervals.  The  ore  contained  much  fine  dust,  and  was  too  fine  to 
bridge  well;  hence  in  most  runs  the  furnace  was  run  discontinuously, 
one  charge  being  smelted  and  tapped  before  a  succeeding  charge  was 
added.  The  tap  hole  was  closed  with  a  charcoal  plug  and  a  wad  of 
fire  clay  rammed  over  the  plug.  In  tapping,  the  fire  clay  was  dug 
out,  when  the  charcoal  could  be  readily  barred  out.  Starting  with  a 
cold  furnace,  it  took  about  8  hours  to  smelt  three  batches  of  ore  each 
of  100  pounds.  To  obtain  a  slag  low  in  manganese,  and  a  high 
recovery  of  manganese  in  the  alloy,  it  was  necessary  to  run  the 
furnace  hot,  using  not  less  than  60  to  65  kw.  A  fairly  fluid  slag 
and  a  considerable  excess  of  reducer  were  also  required.  The  excess 
of  reducer  does  not  usually  come  out  of  the  furnace  with  the  slag, 
but  accumulates  from  heat  to  heat  in  the  furnace  bottom,  so  that  in 
commercial  operation  after  the  first  few  heats  considerably  less 
reducer  would  be  needed  than  was  required  in  the  experimental 
work.  The  excess  of  coke  or  charcoal  holds  some  slag  and  metal  in 
its  pores  so  that  the  "dross''  scraped  out  of  the  furnace  after  a  series 
of  runs  is  always  higher  in  manganese  than  the  slag.  In  commercial 
operation  the  "dross"  would  remain  in  the  furnace  and  the  metal 
lost  in  operation  on  an  experimental  scale  would  be  recovered. 

The  manganese  content  of  the  slag  on  the  first  heat  in  a  cold 
furnace  is  always  higher  than  on  subsequent  heats,  even  though  the 
slags  may  be  tapped  at  equal  temperatures. 

STANDABDIZATION  OF  FUBNACE. 

For  these  reasons  the  manganese  recovery  to  be  expected  in  the 
commercial  operation  would  be  higher  than  that  obtained  in  small- 
scale  experiments.    Power  consumption  and  electrode  consumption 
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in  a  small  furnace,  when  the  furnace  is  started  cold  and  only  a  short 
run  is  made  will  be  much  higher  than  in  commercial  practice.  A 
rough  factor  for  calcidating  power  consumption  in  lai^-scale  opera- 
tions can  be  obtained  by  running  a  high-grade  ore  in  the  small 
furnace  and  comparing  the  power  used  with  that  required  in  commer- 
cial operation  on  such  an  ore. 

Suoh  a  standardization  was  made  with  a  high-grade  ore — ^Philips- 
burg  concentrates — analyzing  47.7  per  cent  Mn,  1.9  per  cent  Fe, 
8.7  per  cent  SiO,,  2.1  per  cent  CaO,  1.1  per  cent  Al^O,,  0.08  per  cent  P, 
14.2  per  cent  loss  on  ignition.  The  usual  basic  slag  was  made. 
The  results  follow: 

Rtm  52, — ^Three  charges,  each  consisting  of  100  pounds  of  <»«,  3  pounds  of  steel 
scrap,  14  pounds  of  coke  (metallurgical  coke,  f-inch  mesh;  analyzing  4.75  per  cent 
HjOi  10.3  per  cent  ash,  of  which  1.4  per  cent  was  Fe,  4.3  per  cent  SiO,,  2.5  per  cent 
AljOs)  0.8  per  cent  CaO),  14  pounds  of  charcoal  {crushed  to  about  \  inch),  and  20 
pounds  of  OaCOa  (marble,  crushed  to  \  inch).  Time  of  nm,  8  hours  10  minutes; 
power  used,  440  kw.-honrs  (180  kw.-hours,  first  heat;  140,  second  heat;  120,  tiuid 
heat).  Obtained  158.2  iMunds  of  metal,  containing  82.0  per  cent  Mn,  2.0  per  cent 
Si,  0.12  per  cent  F;  84.3  pounds  of  slag,  containing  8.5  per  cent  Mn;  and  11  pounds  of 
dross  containing  34.5  per  cent  Mn.  Mn  distribution:  In  metal  90.5  per  cent,  in  slag 
4.2  per  cent,  in  dross  2.7  per  cent,  volatilization  and  dusting  loss  2.6  per  cent.  Be- 
covery  of  P  in  metal,  79  per  cent. 

As,  in  commercial  practice,  not  over  4,000  kw.-hours  per  long  ton 
of  alloy  would  be  required  on  such  an  ore  in  a  3,000-kw.  furnace, 
or  2.2  kw.-hours  per  pound  of  metallic  manganese  in  the  alloy,  and 
as  the  last  two  taps  in  the  small  furnace  used  3.0  kw.-hours  ])er 
pound  of  manganese  in  the  alloy,  it  appears  that  75  per  cent  of  the 
power  used  per  poimd  of  alloy  in  the  experimental  furnace  on  the 
last  two  taps  of  a  run  on  300  poimds  should  give  the  approximate 
power  required  commercially.  A  previous  run  (No.  50)  on  this  high- 
grade  ore,  using  the  same  flux,  and  adding  5  pounds  of  mill  scale, 
to  supply  iron,  10  pounds  of  burnt  lime,  and  33  pounds  of  charcoal 
per  100  pounds  of  ore,  gave  an  alloy  of  77  per  cent  Mn,  2  per  cent  Si, 
0.16  per  cent  P,  with  a  manganese  recovery  of  79  per  cent.  Some 
of  the  heats  were  not  given  enough  power,  and  some  of  the  slags 
were  high  in  manganese.  It  was  calctdated  that  under  correct 
operating  conditions  88  per  cent  of  the  manganese  would  have 
been  recovered.  This  calculation  was  checked  by  the  results  of  run 
52.  The  results  of  these  runs  indicated  that  a  mixture  of  half 
coke  and  half  charcoal  was  as  good  a  reducer  as  all  charcoal. 

FLTTZniG  TBSTS  WITH  HiaH-SILIGA  ORE. 

A  series  of  fluxing  tests  was  made  with  a  high-«ilica  ore,  namely, 
the  Philipsburg  screenings,  lot  4  (see  table  of  analyses),  containing 
26.4  per  cent  Mn,  2.5  per  cent  Fe,  36.4  per  cent  SiO,,  7.5  per  cent 
CaO+MgO,  1.9  per  cent  AljO^,  and  0.21  per  cent  P,  with  11.8  per 
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cent  loss  on  ignition.  In  all  the  runs  10  pounds  of  coke  and  10 
pounds  of  charcoal  were  used  per  100  pounds  of  ore,  except  in  run 
73  in  wUch  15  pounds  of  each  were  used.  No  steel  scrap  was  added 
except  0.5  pound  per  100  pounds  of  ore  in  run  70.  The  results  of 
the  runs  are  summarized  as  follows: 


Results  of  fluxing  tests  loith  high-silica  ore, 

CHARGES  AND   POWER  CONSUMPTION. 


Run  No. 

pounds 
of  ore. 

CaFsper 

100 

pounds 

of  ore. 

CaOper 
pound  of 

silica. 

includ- 
ing CaO 
equivalent 
to  bases 

in  ore. 

CaFsper 
pound 

of 
siUca. 

Ore 
used. 

Time  of 
run. 

Power 
con- 
sumed. 

70 

72 
28 
10 

Pounds. 

Pmnnda. 

1.30 

.60 

.36 

.20 

None  till 

end,  then 

0.30. 

Pounde. 

PoitiMb. 
300 
800 
300 
300 

200 

H.  nin. 
8         20 
7         20 
7         25 
7         20 

7           8 

k.tc.'houTt. 
522 

69 

450 

67 

7 
14.5 

10 

0.19 
0.40 

0.28 

453 

66 

452 

78 

Nooetill 
end,  then 
3.5. 

469 

PRODUCTS  AND  POWER  CONSUMPTION. 


Alloy 

made 

per  100 

pounds. 

Analjrsis  of  alloys. 

Sll^ 

made 

perlOO 

pounds. 

Mn 

in 
slag. 

P 

in 
slag. 

Kw.- 
hours 
per 
pound 
o!  alloy, 
includ- 
ing all 
heats. 

Kw.- 
hours 

Run 
No. 

Mn. 

8L 

P. 

per 
pound 
Otlin, 
includ- 
ing all 
heats. 

70 

Poundc 
23.8 
18.4 
21.9 
26.3 
26.7 

PereenL 
71.0 
71.4 
73.0 
71.0 
72.7 

Percent. 
13.0 
1L6 

13.0 
15.5 

19.8 

Percent. 
0.60 
.73 
.68 
.60 
.57 

Povnds, 
03 
61 
65 
89 
17 

Percent. 
6.0 
11.5 
14.0 
12.0 
23.1 

Percent. 
0.04 
.06 
.04 
.04 
.04 

7.3 
8.2 
6.9 
6.75 

8.8 

10.2 

60 

11.4 

67 

9.5 

68 

8.1 

73 

12.0 

DISTRIBUTION  OF  ELEMENTS  IN  PERCENTAGES  OF  TOTAL. 


Run  No. 


70. 
60. 
67. 
68. 
73. 


In  metal. 


Mn. 


63 
50 
60 
71 
73 


SL 


f 

8 
11 
14i 


P. 


Insl^. 


Mn. 


68 

21 

64 

26 

70 

34 

75 

27 

721 

21 

P. 


18 
18 

a3 

5 


In  dross. 


lAtss. 


Mn. 


7 

i' 


r. 


n 


H 


m 


Mn. 


16 

17 

3 

2 

0 


13 

13J 
12 


a  Amount  of  dross  smaU;  included  in  weight  of  slag  and  in  sample  of  slag  for  analysis. 

More  power  was  used  in  run  70  than  in  the  others  because  of  the 
large  amounts  of  CaCOj  charged.  The  slag  was  very  stiff  in  run  69 
and  an  arc  had  to  be  used  to  tap.  More  power  might  have  given  a 
slightly  better  recovery. 
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In  run  73  more  reducer  was  used  than  in  the  other  runs,  and  no 
flux  was  added  till  the  end.  Two  batches  of  100  pounds  of  ore  each 
were  added  before  tapping.  The  metal  tapped,  but  the  slag  was 
too  stiff  to  run;  the  fluxes  were  than  added,  and  45kw.-hours  were 
used  (included  in  the  469  total  in  the  table)  to  get  the  slag  out.  It 
then  tapped  well. 

With  the  same  power  input  for  runs  69  and  67  as  for  nm  70,  run 
67  would  have  given  better  results  than  run  70,  but  the  results  of  nm 
69  would  not  have  been  as  satisfactory  as  for  run  70,  the  slag  being 
too  stiff.     The  acid  slags  containing  fluorspar,  however,  tapped  well. 

Considering  the  cost  of  power  and  fluxes,  it  appears  that  the  acid 
slags  of  runs  67  and  68  were  preferable  to  the  basic  slag  of  nm  70. 
It  is  noteworthy  that  the  basic  slag  did  not  prevent  the  reduction 
of  silicon  in  run  70.  The  recovery  of  manganese  was  higher  in  run 
73,  operating  without  flux  until  the  furnace  got  clogged  with  slag 
and  then  fluxing  out  the  slag,  but  the  power  consumption  was  too 
high.  The  flux  of  run  68 — all  CaF,,  except  for  the  CaO  in  the  ore 
itself-^gave  the  best  results  metallurgically.  The  slag  of  run  68  was 
very  fluid,  and  some  of  the  CaFj  could  probably  have  been  replaced 
by  CaO,  using  a  flux  intermediate  between  those  of  runs  68  and  73. 
Slags  made  with  fluorspar,  are,  for  an  equal  Ca  content,  much  more 
fluid  than  those  made  with  lime. 

ADVANTAGES  OF  ACID  SLAG. 

The  percentage  of  manganese  is  somewhat  lower  in  a  strongly 
basic  slag  than  in  an  acid  slag,  but  the  weight  of  slag  formed  is 
much  greater.  Hence,  the  weight  of  manganese  lost  in  the  slag  is 
greater  with  the  basic  slag,  when  the  SiOj  content  of  the  ore  is  much 
above  25  per  cent.  When  the  ore  is  fluxed  to  a  basic  slag  the  cost 
of  handling  and  disposing  of  the  excess  slag  formed  must  be  con- 
sidered. The  cost  of  the  lime  flux  for  the  basic  slag  would,  of  course, 
bo  lower  than  that  of  the  fluorspar  required  to  produce  an  acid  slag 
fluid  enough  to  tap;  although  in  a  large  furnace,  where  the  tap  hole 
would  not  freeze  as  readily  as  in  the  small  one  when  tapping  a  sticky 
slag,  the  amount  of  fluorspar  could  doubtless  be  materially  reduced. 
The  weight  of  manganese  lost  in  the  slag  is  greater  with  the  basic 
slag,  when  the  SiO,  content  of  the  ore  is  much  above  25  per  cent. 
Wlien  the  ore  is  fluxed  to  a  basic  slag  the  cost  of  handling  and  dis- 
posing of  the  excess  slag  formed  must  be  considered.  The  cost  of 
the  lime  flux  for  the  basic  slag  would,  of  course,  be  lower  than  that 
of  the  fluorspar  required  to  produce  an  acid  slag  fluid  enough  to  tap; 
although  in  a  large  furnace,  where  the  tap  hole  would  not  freeze  as 
readily  as  in  the  small  one  when  tapping  a  sticky  slag,  the  amount  of 
fluorspar  could  doubtless  be  materially  reduced. 
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It  will  be  noted  that  in  the  best  run  (No.  68),  the  ratio  of  phos- 
phorus to  manganese  in  the  alloy  was  1:118,  whereas  in  the  ore  the 
ratio  was  1:125.  Thus  it  appears  that  phosphorus  and  manganese 
were  recovered  in  about  the  same  proportion. 

TEST  OF  BEDTJCEBS. 

On  account  of  the  variation  in  commercial  practice  as  to  the  re- 
ducer used,  anthracite,  coke,  or  a  mixture  of  coke  and  charcoal  being 
used  by  different  firms,  a  series  of  tests  was  made  with  reducers. 

Some  preliminary  runs  in  a  small  furnace  taking  only  about  20 
pounds  of  ore  per  charge  were  made.  The  Phihpsburg  screenings 
used  contained  29.5  per  cent  Mn,  2.5  per  cent  Fe,  25.0  per  cent 
Si02,  9.5  per  cent  CaO+MgO,  1.5  per  cent  AlaOgi  and  0.105  per  cent 
P,  and  showed  18.7  per  cent  loss  on  ignition.  The  following  results 
were  obtained,  the  same  power  input  being  used  in  each  nm: 

ResiUts  of  tests  of  reducers  in  small  electric  furnace, 

_-  Hun  Run  Ron 

Charge:  30.  21.  22. 

Ore pounds.  .20  20  20 

Coke do G  

Anthracite do 5  

Charcoal do 5 

Calcium  flu<Mride  (.CaFj) do. . . .    2i  2\  2J 

Analysis  of  alloy  made: 

Manganese  (Mn) per  cent. .  74. 0  77. 3  75. 3 

Silicon(Si) do....  laO  4.6  12.5 

Phosphorus  (P) do 0.24         0.32         0.20 

Recovery  in  alloy: 

Manganese do 66  43  66 

Phosphorus do 57  52  40 

Anthracite  gave  the  lowest  recovery.  The  recovery  with  coke  was 
the  same  as  that  with  charcoal. 

Runs  48  and  49  were  then  made  in  the  larger  furnace.  The  slag 
used  was  calculated  for  a  ratio  of  CaO  to  Si02  of  0.4:1,  which  in  the 
later  fluxing  tests  was  shown  to  be  too  stiff  a  slag  for  good  recovery. 
Seventy-five  pounds  of  ore  was  used  per  charge  and  the  furnace  was 
run  12  to  13  hours.  The  data  on  the  average  ore  mixture  used,  the 
composition  of  the  charge,  and  the  results  follow: 

Data  on  reducer  tests  with  large  electric  furnace. 
Ore  mixttire: 

Mn per  cen  t . 

Fe do... 

Si02 do.. 

CaO do... 

AI2O3 do . . . 

P do.. 

Loss  on  ignition do . . . 


Run  48. 

Run  49. 

.       28.7 

29.0 

2.4 

2.2 

.      28.5 

26.5 

4.1 

4.2 

3.3 

2.7 

.14 

.16 

.       14. 5 

16.5 
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Charge  (weight  of  confitituent  to  each  100  pounds  of  ore) :  iiun  48.  rob  49l 

CaCo, pounds..  12  12 

Charcoal do 12. 3  None. 

Coke do None.  13. 5 

Quantity  of  ore  charged do 900  825 

Time  of  run hours . .  12. 25  13 

Power  used kw.-hours . .  714  710 

Weight  of  alloy  made pounds..  182.0  146.1 

Composition  of  alloy: 

Mn per  cent .  -  74.0  76. 0 

Si do 10.0  8.0 

P do 34  .38 

Weight  of  slag  made pounds..  496  462 

Manganese  in  slag percent..  16.4  18.3 

Recovery  in  alloy: 

Mn do....  52  46 

P do....  49  42    • 

As  regards  the  two  tests,  although  the  ore  used  in  run  49  was 
slightly  higher  in  manganese  and  lower  in  silica^  and  although  more 
power  was  used  per  unit  weight  of  ore,  charcoal  gave  better  residts 
than  ooke.  However,  neither  result  was  satisfactory,  the  slag  being 
too  acid  and  holding  up  too  much  manganese.  A  slag  of  the  same 
acidity  made  with  fluorspar  would  have  shown  better  results.  The 
amount  of  reducer  in  both  tests  was  too  small  for  good  results. 

COIOCBNTS  ON  USE  OF  BHODOOHBOSIXB. 

As  the  lot  of  ore  used  in  run  48  was  exhausted  before  run  49  was 
finished,  the  last  few  charges  in  run  49  were  made  with  a  mixture 
of  uncalcined  rhodochrosite  and  Phil^psburg  himp  Qot  2b).  On 
account  of  the  high  loss  (31  per  oent)  on  ignition  of  the  rhodochro- 
site, it  gave  trouble,  even  when  mixed  with  the  other  ore.  The 
large  volume  of  COj  given  oflF  by  the  raw  rhodochrosite  tended  toward 
excessive  electrode  consumption,  and  probably  also  toward  wasting 
of  the  reducer  in  the  charge.  If  ore  so  high  in  volatile  matter  falls 
into  the  melt  before  it  has  been  thoroughly  calcined  in  the  shaft, 
the  furnace  will  "blow,''  or  form  a  "volcano." 

For  these  reasons,  and  because  it  should  be  cheaper  to  calcine  by 
fuel  heat  than  to  expel  CO,  by  electric  heat  in  the  furnace,  it  will 
probably  be  found  desirable  to  calcine  rhodochrosite  ore  before 
charging  it  into  the  electric  furnace.  The  ore  decrepitates  somewhat 
on  calcination,  and  the  product  may  have  to  be  screened,  the  coarse 
material  being  then  smelted  continuously  and  the  fines  fed  to  a 
separate  furnace  as  fast  as  the  melt  will  take  the  ore,  but  without 
keeping  the  shaft  piled  fidl,  in  order  to  keep  down  dust  losses.  Rho- 
dochrosite, may,  in  fact,  be  too  high  grade  an  ore  for  electric  smelt- 
ing without  being  mixed  with  ores  containii^  more  slag-forming 
constituents. 

The  analysis  of  the  rhodoohosite  used,  after  complete  calcination^ 
was  63.6  per  cent  Mn,  2.9  per  cent  Fe,  8.8  per  cent  SiO,,  1.66  per  cent 
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CaO-hMgO,  1.4  per  ceut  Al^Og,  and  0.04  per  cent  P.  Fluxed  to  the 
ordinary  basic  slag  and  with  suitable  addition  of  steel  scrap,  this 
would  give  only  about  1,050  pounds  of  slag  per  long  ton  of  80  per 
cent  ferromanganese  produced.  Compared  to  the  40  per  cent  Mn 
20  per  cent  SiOj  ore  in  common  use,  which,  when  similarly  slagged, 
gives  about  4,000  poimds  of  slag  per  long  ton  of  alloy,  the  rhodochro- 
site  may  cause  too  short  a  column  of  slag,  and  hence,  at  the  low 
voltage  of  a  ferromanganese  furnace,  may  not  present  sufficient 
electrical  resistance  to  develop  enough  heat. 

In  the  ordinary  three-phase,  nonconducting-bottom  furnace,  the 
current  may  flow  from  one  electrode  to  the  other  two  by  two  paths — 
(1)  through  slag  entirely,  or  (2)  from  the  electrode  straight  down 
through  the  slag  to  the  alloy  beneath  and  then  through  the  alloy 
to  directly  beneath  the  other  electrodes,  and  up  through  the  slag 
again  to  the  other  electrodes.  With  too  short  a  column  of  slag, 
path  1  presents  the  least  resistance  and  will  result  in  the  generation 
of  heat  in  the  slag  in  three  spots  only.  With  a  deeper  slag  column, 
the  resistance  of  the  path  from  one  electrode  to  another  through  the 
sllig  only  is  less  than  that  from  electrode  to  electrode  by  way  of 
slag,  alloy,  and  slag.  If  the  power  input  is  too  low,  the  large  mass 
of  metal  below  the  slag  may  get  cool  enough  to  make  tapping  diffi- 
cult, and  the  slag  itself  may  not  get  hot  enough  for  complete  reduc- 
tion of  manganese,  resulting  in  high  manganese  loss  in  the  slag. 
If,  in  order  to  develop  enough  heat,  the  furnace  is  run  as  an  arc 
furnace  instead  of  as  a  resistance  furnace,  local  overheating  will 
occur  and  manganese  will  be  lost  by  volatilization.  In  this  connec- 
tion, the  comments  of  Bardwell**  on  smelting  rhodochrosite  are  of 
interest. 

TBSTS  OF  EFTECT  OF  SIZE  OF  BEDTJCEB  CONSTITX7ENTS. 

Runs  50  and  52,  previously  mentioned,  had  shown  that  the  mix- 
ture of  half  coke  with  half  charcoal  worked  as  well  as  all  charcoal. 
When  all  one-fourth-inch  coke  was  used  as  reducer,  some  of  the  excess 
of  fine  coke  tended  to  emulsify  with  the  slag,  coming  out  with  it  and 
making  it  harder  to  tap.  When  half  coke  and  half  charcoal  was  used 
this  was  not  the  case.  It  was  thought  that  lai^er  coke  might  give  better 
results,  so  a  series  of  runs  was  made  to  test  this  assumption  and  to 
compare  the  results  from  coke  and  from  anthracite  with  the  results 
of  runs  in  which  a  mixture  of  half  coke  with  half  charcoal  was  used. 
The  results  of  the  tests  are  presented  in  the  table  following.  The 
ore  used  was  Philipsbxirg  screenings,  lot  4,  containing  26.4  per  cent 
Mn,  2.5  per  cent  Fe,  36.4  per  cent  SiOj,  7.5  per  cent  CaO+MgO,  1.9 
per  cent  AljOg,  and  0.21  per  cent  P,  with  a  11.9  per  cent  loss  on 
ignition.     It  was  crushed  to  pass  a  one-half-inch  screen.     As  a  flux, 

aBardwell,  E.  S.,  Discussion;  Bull.  43,  Am.  last.  Mining  Eng.,  Nov.,  1918,  p.  1651. 
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only  14.5  pounds  of  CaF  was  used  per  100  pounds  of  ore.  Three 
heats  were  madeoa  each  run;  that  is,  300  pounds  of  ore  was  used  in 
each  run. 


Results 

of  tests 

of  reducers  to  determine  effect  of  size  of  constituents. 

Run  No. 

Coke  a 

(J-inch). 

Charcoal 

(J-inch). 

Cokeb 
(Itoi 
inch). 

Cokeb 

(less  than 

i-inch). 

Anthra- 
cite c 
(itoi 
inch). 

Anthra- 
cite d 
(less  than 
Hnch). 

Recovery 
ofMn. 

Recovery 
of  P. 

68 

Pounds. 
10 

Pounds. 
10 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Per  cent. 
71 
54 
35 
46 
32 

Per  cent. 
75 

71 

21 

68 

74 

- 

21 

72 

21 

65 

75 

21 

S3 

Time. 

Power 
used, 
kw.- 

hours. 

Alloy 
made. 

Composition  of  alloy. 

Slag 
made. 

Mn 

in 

slag. 

P. 

Dro'W. 

Rxm  No. 

Mn. 

Si. 

P. 

Weight. 

Mn 
con- 
tent. 

P 
con- 
tent. 

68 

Hr.min. 
7    20 
7    15 

6  45 

7  0 
6    55 

452 
450 
450 
450 
450 

Lbs. 
78.8 
60.8 
57.6 
50.7 
933.6 

P.ct. 
71.0 
71.0 
73.5 
72.0 
73.6 

P.ct. 
15.5 
16.5 
13.2 
15.0 
11.5 

P.ct. 

0.60 

.71 

(/) 
.81 
1.00 

Lbs. 
177 
156 
183 
200 
205 

P.ct. 
12.0 
15.4 
15.0 
15.6 
13.1 

P.ct. 

0.04 

.06 

% 

.03 

Lbs. 
5 
21 
29 
29 
66 

P.ct. 

(0 

14.9 

21.0 

13.9 

20-7 

P.eL 

71 

74 

•31 

72 

75 

.14 

a  Metallurgical  coke,  4.75  p3r  cent  H2O,  10.3  per  cent  ash. 

^  Gas  coke,  13.8  per  cent  ash. 

c  4.5  per  cent  H9O,  8.5  per  cent  ash. 

d  3.5  per  cent  H9O,  13  par  cent  ash. 

e  Included  in  slag. 

/  Not  determined. 

g  The  fine  coal  lying  on  the  slag  at  the  end  of  a  tap  ran  out  with  the  slag,  leaving  less  excess  reducer  in 
the  furnace  on  the  last  two  heats  than  in  the  other  runs.  In  run  75,  20  to  24  pounds  of  dross  was  obtained 
on  each  tap.    In  the  other  runs  the  dross  was  all  taken  out  after  the  last  tap  only. 

These  results  indicate  that  anthracite  is  not  as  good  a  reducer  as 
coke,  perhaps  because  anthracite  is  less  porous,  giving  less  area  of 
contact  with  the  melt.  It  would  be  interesting  to  know  whether 
the  diflFerence  in  the  performance  of  coke  and  anthracite  would  be 
as  marked  in  a  large  furnace  as  it  was  in  the  experimental  one.  The 
experimental  work  indicates  that,  at  least  with  a  highly  siliceous 
ore,  the  mixture  of  coke  and  charcoal  used  by  the  Noble  Electric 
Steel  Co.  should  be  highly  desirable  where  charcoal  is  available. 

SLAO-SMELTING  TESTS. 

In  the  summer  of  1917  Prof.  F.  F.  Mcintosh,  consulting  chemist 
of  the  Bureau  of  Mines,  and  assistants,  made  some  tests  at  the 
Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.,  on  making  man- 
ganese alloys  from  slags.  A  50-kw.  furnace  was  used.  The  slags 
were  not  fluxed,  and  as  the  iron  and  manganese  were  reduced  out 
the  slags  became  stiff,  so  that  the  furnace  had  to  be  torn  down  after 
each  tap.  The  results,  therefore,  could  hardly  be  applied  directly 
to  commercial  practice.  Table  30  gives  a  summary  of  some  of  tlie 
results. 
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Eirns  K  and  L  indicated  that  charcoal  was  a  better  reducer  than 
coke.  Evidently  such  manganese-bearing  slags  need  to  be  fluxed, 
so  as  to  make  a  fluid  slag,  as  they  contain  1 1  to  22  per  cent  AljO, + CaO, 
but  those  of  about  25  per  cent  Mn  content  could  be  used  to  make 
silicomanganese.  The  basic  open-hearth  slag  used  in  run  H  was 
rather  high  in  phosphorus.  The  other  slags  were  low  in  phosphorus, 
and  hence  made  alloys  very  low  in  that  element. 

EFFECT  OF  FHOSPHOBTJS  CONTENT  OF  OBES. 

In  the  experimental  runs  low-grade  ores  high  in  phosphorus  gave 
an  alloy  rather  high  in  that  constituent.  If  smelted  with  the  shaft 
kept  full  of  ore,  the  alloy  might  be  still  higher  in  phosphorus.  A 
considerable  loss  of  phosphorus  by  volatilization  took  place,  and 
the  slags  were  always  rather  low  in  phosphorus,  no  matter  what 
the  original  content  in  the  ore  was,  or  whether  the  slag  was  acid  or 
basic.  The  percentage  recoveries  of  phosphorus  and  of  manganese 
in  the  alloy  werie  usually  within  a  few  per  cent  of  each  other. 

Lyon,  Keeney,  and  Cullen  "  state  that  in  the  electric  smelting 
of  ferromanganese  all  the  phosphorus  in  the  charge  goes  into  the 
metal,  and  that  in  niaking  ferrosilicon  most  of  it  does,  Owing  to  the 
strongly  reducing  conditions. 

Newton  *  makes  a  similar  statement  in  regard  to  blast-furnace 
ferromanganese  smelting.  Continuous  smelting  with  the  shaft  kept 
full  of  ore  \vill  tend  to  condense  any  volatilized  phosphorus,  so  that 
the  losses  found  in  the  experimental  smelting  by  batches  may  not 
occur  in  normal  practice.  Doubtless  the  lower  the  ore  is  in  phos- 
phorus the  less  \\ill  escape.  The  remarks  cited  are,  of  course,  based 
on  normal  practice  vdih  low  phosphorus  ores.  However,  W.  W. 
Clark,  former  manager  of  the  Noble  Electric  Steel  Co.,  states  ^  that 
phosphorus  is  volatilized  in  the  Noble  ferromanganese  furnace. 

Lonergan**  cites  a  test  run  at  the  Iron  Mountain  Alloy  Co.  works  on 
ore  having  a  very  low  phosphorus  content  (less  than  0.04  per  cent  P) 
in  which  52.6  per  cent  of  the  phosphorus  contained  in  the  ore,  coal, 
and  limestone  was  recovered  in  the  ferromanganese,  14.75  per  cent  in 
the  slag,  and  6.06  per  cent  in  "dirty  metal  and  slag,"  leaving  31.4 
per  cent  phosphorus  lost  by  volatilization  and  in  dust.  Lonergan 
concluded  that  the  greater  part  of  this  loss  b  purely  mechanical,  the 
phosphorus  in  the  dust  being  retained  in  its  original  form.  He 
assiunes  that  any  volatilized  phosphorus  would  go  off  as  phosphine. 

The  writers  see  nothing  to  prevent  elemental  phosphorus  being 
volatilized,  as  it  is  in  electric-furnace  production  of  phosphorus,  and 
burning  to  the  oxide  as  soon  as  it  reaches  the  air. 

a  Lycm,  D.  A.;  Kecncy,  R.  M.;  and  CuIIen,  J.  F.:  The  electric  funuco  in  metiUlargJcal  work:  Ball.  77, 
Bureau  of  Mines,  1917,  pp.  144, 166. 

»  Nowton,  E.,  Manganiferous  iron  ores  of  the  Arizona  District,  Minn.:  Bull.  5,  Minn.  Bchool  of  Mines 
Bxp.  Station,  Univ.  of  Minn.,  1018,  p.  75. 
c  Persona!  communication. 

d  Lonergan,  J.,  Eliminating  phosphorus  and  sulphur  in  electric  ferromanganese  furnaces:  Met.  and  Chenu 
'.ng.,  vol.  20, 1919,  p.  245. 
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If  ^1.4  per  cent  of  tho  maiiganese  also  was  lost  in  diist;  to  say 
nothing  of  volatilization^  then  Lonergan's  assumption  that  phos- 
phorus was  lost  only  mechanically  would  be  justified;  but  according 
to  Keeney,  **  the  average  loss  by  volatilization  and  dusting  in  the  Iron 
Mountain  Alloy  Co.'s  practice  is  7.3  per  cent.  It  would  therefore 
appear  that  even  on  ores  so  low  in  phosphorus  an  appreciable  amount 
of  the  phosphorus  is  volatilized. 

TESTS  WITH  HXGH-PHOSPHORUS.  OBES. 

Runs  60  and  61  were  made  with  Philipsburg  lump  ore,  lot  Sb,  con- 
taining 24.1  per  cent  Mn,  1.6  per  cent  Fe,  37.7  per  cent  SiOg,  7.7  per 
cent  CaO-fMgO,  1.6  per  cent  AI3O3,  and  0.37  per  cent  P^  with  12.8 
per  cent  loss  on  ignition.     Tho  procedure  and  results  were  as  follows: 

ResultM  of  run  60 — discontinuous  smelling,  each  charge  being  lavped  before  adding  the  next, 

[Fumaco  cold  at  start.] 

Total  for 
run. 


Make-up  of  charge: 

Ore pounds.. 

CaCOi  (0.32  pound  CaO +0  per  pound  of  SiOt) do 

CaFs  (18  pounds  per  pound  of  SiOs) do 

Coke do 

Charcoal do 

Steel  scrap do.... 

Time  of  run 

Power  used kw.-hours.. 

Meta  1  tapped pounds . . 

Slag  tapped  o do 


Charge  a. 

Charge  b. 

100 

100 

8 

8 

7 

7 

7.5 

8.5 

7.5 

8.5 

0.5 

None. 

3  h.  25  m. 

2  h.  25  m. 

149 

130 

6.0 

18.7 

65.0 

70.5 

5h.  50  m. 

279 

24.7 

135.5 


Anah '^is  of  metal: 

Mn 

Si 

P 

.\iiaIvsisofslag: 

Htn 

P 


Percent. 
...  66.0 
...    13.5 


0.71 
15.0 
0.7 


Distribution  of  metal: 

Mn 

P 


Per  cent. 

34.0 

27.5 


Distribution  of  slag: 

Mn 

P 


42.5 
14.5 


o  Some  slag  stuck  in  furnace. 

Results  o/run  61 — continuous  STnelting,  shaft  being  kept  full. 

[Total  charge  in  pounds:  Ore,  400;  CaCOs  (0.35  pound  CaO  per  pound  of  SiOs),  40;  CaFj  (1.18  pound  per 

pound  of  SiOs)  28;  coke,  38.5;  charcoal,  38.5.] 


After. 

Kw.- 
hours 
used. 

Metal 

tapped. 

Analysis  of  metal. 

Slag 

Analysis  of  slag. 

Tap  No. 

Mn. 

SL 

P. 

tapped. 

Mn 

P. 

1 

Ilr.  min. 
2    30 

1  50 

2  55 
40 

142 
141 
141 

28 

Pounds. 

13.5 

30.1 

31.1 

.8 

Per  ct. 
66.5 
70.6 
70.0 



Perct. 
11.6 
16.5 
18.3 

Per  ct. 

0.80 

.95 

.93 

Pounds. 

92.8 

84.0 

30.0 

042.5 

Per  ct. 
17.1 
13.2 
11.8 
10.5 

Per  ct. 
0.07 

2 

.09 

3 

.12 

4 

.15 

Total 

7    55 

452 

75.8 

1 

A  veraee 

09.0        16.0 

.93 

249.3 

14.0 

.095 

Distribution. 

Mn. 

P. 

• 

Uetal 

Per  cent. 
54.5 
35.5 
10.5 

Per  cent. 
57.5 

Slag 

21.5 

X^oss.     .      .        

21 

a  Includes  dross. 
a  Keeney,  R.  M.,  The  manufacture  of  ferroalloys:  Bull.  Am.  Inst.  Min.  Eng.,  August,  1016,  p.  1333. 
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These  results,  compared  with  those  from  run  68,  show  that  the 
power  supply  was  insufficient  for  good  recovery  of  the  manganese, 
462  kw.-hours  being  used  on  400  pounds  of  ore  in  run  61  and  452  on 
300  pounds  of  ore  in  run  68.  The  reducer  was  probably  not  in 
too  small  excess,  and  a  slag  higher  in  CaFj  would  have  given  better 
residts.  Under  proper  conditions  this  ore  should  give  the  71  per  cent 
recovery  of  nm  68,  when  the  increased  reduction  of  manganese  and 
silicon  should  bring  the  phosphorus  down  to  about  0.75  per  cent. 

TESTS  ON  VOLATILIZATION  OF  PHOSPHORUS. 

As  the  volatilization  of  phosphorus  is  probably  due  to  to  its  reduc- 
tion from  the  calcium  phosphate  in  the  slag  to  elemental  phosphorus, 
which  wiU  then  either  volatilize  or  be  absorbed  by  the  metal,  it  would 
appear  that  if  only  enough  reducer  were  used  to  reduce  Fe  and  Mn 
to  FeO  and  MnO,  and  P2O5  to  P,  and  the  charge  were  held  molten 
for  a  time  before  more  reducer  were  added  to  cause  a  metal  fall,  the 
elimination  of  phosphorus  would  be  favored.  With  this  considera- 
tion in  mind,  run  62  was  made. 

In  this  run  each  of  the  three  batches  charged  consisted  of  100 
pounds  of  lot  2b  ore,  10  pounds  of  CaCOg,  7  pounds  of  CaF,,  and 
2  pounds  each  of  coke  and  charcoal.  After  the  batch  was  melted  it 
was  kept  molten  for  20  minutes,  then  8  poimds  each  of  charcoal  and 
coke  were  added.    The  results  were  as  follows: 

Results  0/  run  62. 


Tap. 

Time. 

Kw.- 
hours 
used. 

Quan- 
Utyof 
metal 

ob- 
taloed. 

Analysis  of 
metal. 

Quan- 
tity of 

slag 

ob- 
tained. 

Analysis  of 
slag. 

Quan- 
Utyof 
dross 
ob- 
tained. 

Analysis  of 
dross. 

Mn. 

81. 

P. 

Mn. 

P. 

Mn. 

p. 

a 

Ilr.min. 
3         5 
2       35 
2       20 

182 
131 
130 

Lbs. 
13.5 
19.8 
15.0 

P.ct. 

P.rt. 

PM. 

1.29 

.97 

1.16 

£to. 
07 

78 
70 

P,ct. 
13.3 
11.8 
11.7 

P.ct. 

0.06 
.06 
.10 

Lbi. 

P.ct, 

P.€L 

b 

c 

27 

17.1 

0.16 

Total 

8         0 

443 

48.3 

215 

Average 

71.0 

14.0 

1.12 

12.6 

.07 

DiBtiibution:                                                                                   Mn.  P. 

Metal .* per  cent. .  42  49 

Slag  and  droes do 43  31 

Lobs do 15  20 

As  there  was  a  considerable  excess  of  reducer  left  after  each  tap, 
which  would  cause  too  early  a  metal  fall  and  collect  phosphorusy 
another  run  (No.  63)  was  made,  omitting  the  reducer  from  the  charge 
till  all  had  been  melted  20  minutes  (except  on  the  first  charge), 
letting  the  excess  reducer  remain  in  the  furnace  after  each  tap,  and 
then  adding  10  pounds  of  coke  and  10  pounds  of  charcoal.  Five 
pounds  of  NaCl  was  added  to  each  charge.  Otherwise  the  charges 
were  as  in  run  62.    The  results  obtained  were  as  follows: 
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Results  of  run  63. 


* 

Tap. 

Time. 

Kw.- 
hours 
used. 

Quan- 
tity of 
metal 

ob- 
tained. 

Analysis  of 
metal. 

Quan- 
tity of 

slag. 

oK 
tained. 

Analysis  of 
slag. 

• 

Mn. 

SI. 

P. 

Mn. 

P. 

a 

Hr.  min. 
3       15 
3       30 
2       15 

P,ct. 
182 
136 
131 

Lba. 
13.0 

ao.6 

21.2 

P.ct. 

P.ct. 

P.ct. 
1.42 

.75 
.80 

Lbs. 
72 
81 
93 

P.et. 
12.0 
11.9 
11.0 

P.et. 
0  02 

b 

03 

c 

. 

a  03 

Total 

9         0 

449 

54.8 

246 
........ 

Average 

71.6 

14.5 

.93 

11.5 

.03 

<■  Slag  included  in  dross. 
Dintribution : 

Metal per  cent. 

Slag do... 

Loss do.  i . 

On  the  assumption  that  a  more  acid  slag  might  help,  another  nm 
(No.  64)  was  made,  the  total  charge  being  practically  the  same  as 
in  runs  62  and  63,  but  divided  as  follows: 


Mn. 

P. 

54.5 

46 

39.5 

6 

6 

48 

Charge  for  run  64,  in  pounds. 
Added  at  Btart:  Batch  a. 

Ore '. 100 

Charcoal , 4 

CaCOa 3 

CaFj 2 

Added  after  heating  20  minutes: 

Charcoal 6 

Coke 10 

CaCO, 7 

CaFa 5 

Results  of  run  64. 


Batch  b. 

100 

None. 

5 


10 
10 

8.5 

6 


Tap. 

Time. 

Kw.- 
hours 
used. 

Qnan- 
tltyof 
metal 

ob- 
tained. 

.Analysis  of  metal. 

Quan- 
tity of 

Analyses  of 
slag. 

Dross. 

Mn. 

Fi. 

P. 

siagoD- 
tained. 

Mn. 

P. 

a 

Ilr.  min. 

A    30 
2    35 

210 

148 

Pounds. 
9.3 
10.9 

20.2 

Peret. 

eao 

71.8 

Peret. 
12.8 
11.8 

Peret. 
1.45 
1.57 

Pound*. 
05 
63 

Peret. 
18.0 
18.0 

PercL 

ail 

.09 

Xte. 

b 

17 

Total 

7      5 

358 

128 

Avftragc 

70.0 

12.5 

1.52 

18.0 

.10 

Mn. 

P. 

29.5 

42 

48 

17.6 

22 

40.5 

Distribution: 

Metal per  cent. 

Slag do. . . 

Loss -do . . . 

As  the  results  of  this  run  were  not  promising,  another  run  (No.  69) 
was  made  in  which  the  excess  reducer  was  carefully  scraped  out 
after  each  tap,  so  that  only  the  four  pounds  of  reducer  charged  with 
the  ore^  as  in  run  62,  would  be  present. 
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In  run  59,  the  charge  at  the  start  consisted  of  100  pounds  of  ore 
(lot  2b),  8  pounds  of  CaCO,,  5  pounds  of  CaF,,  and  4  pounds  of 
charcoal.  After  all  was  melted  for  20  minutes,  6  pounds  of  charcoal 
and  6  pounds  of  coke  were  added;  then  the  furnace  was  tapped. 
This  proceduro  was  repeated  four  times.     The  results  fpUow: 

Results  of  run  69. 


Tap. 

Time. 

Kw.. 

hours 
used. 

Quan- 
tity of 
metal 
recov- 
ered. 

A  nalysis  of  metal. 

Quan- 
tity of 
slag  and 
dross 
recov- 
ered. 

Amtysis  of 

slag  and 

dnss. 

Mn. 

Si. 

P. 

Mn. 

V. 

a 

Hr.  min. 
4     0 
2    50 
2    45 

200 
130 
116 

Pounds. 
12.5 
10.2 
9.6 

PereL 

\  66.0 

66.2 

PercL 
1L9 
12.3 

Peret, 

0.70 

.64 

POtMMk. 

/    83.3 

\    80.5 

85.7 

Perct. 

\  17.0 

17.1 

PereL 

b , 

0.10 

c... 

.06 

Total 

9    35 

446 

219.50 

ATeraec 

32.3 

66.0 

12.0 

.68 

17.0 

.00 

1                ! 

Mn. 

r. 

29.5 

19.5 

58.5 

20 

12 

€0.5 

Distribution: 

Metal per  cent . 

Slag do... 

Lees do... 

These  results,  owing  to  the  poor  slag  and  the  lack  of  sufficient  ex- 
cess reducer,  are  far  from  satisfactory  as  regards  recovery  of  man- 
ganese, but  they  are  somewhat  promising  as  regards  volatilization 
of  phosphorus. 

The  low  recoveries  of  manganese  in  this  series  were  doubtless 
largely  due  to  the  ore  not  being  properly  fluxed.  This  defect  was 
not  realized  till  the  later  runs  on  fluxing  were  made.  However,  it 
is  evident  that  one  requirement  for  high  recovery  of  manganese, 
namely,  an  excess  of  reducer,  and  one  for  high  volatilization  of  phos- 
phorus, namely,  no  excess  reducer  beyond  that  necessary  to  form 
MnO,  FeO  and  P  (that  is,  no  metal  fall  to  collect  phosphorus),  are 
incompatible.  It  is  hardly  practicable  to  clean  the  furnace  from  all 
excess  carbon  after  each  tap. 

DEPH08PH0BIZATI0K  AND  SKELTINa  IN  TWO  STAGES. 

Therefore,  the  only  procedure  metallurgically  possible  seems  to  be 
to  carry  out  the  dephosphorization  in  one  furnace,  running  with  just 
enough  reducer  to  form  MnO,  FeO,  and  P,  and  holding  the  charge 
molten  for  a  while  to  allow  the  phosphorus  to  escape;  then  to  tap 
the  hot  slag  into  a  second  furnace,  add  excess  reducer,  and  smelt  the 
previously  dephosphorized  slag. 

As  it  would  be  difficult  to  determine  the  exact  point  where  there 
IB  complete  redaction  to  MnO,  FeO,  and  P,  and  as  the  electrode  will 
also  supply  a  little  carbon,  it  woidd  probably  be  more  feasible  to 
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provide  the  dephosphorizing  furnace  with  metal  and  slag  taps,  the 
latter  being  at  a  higher  level.  The  slag  can  thereby  be  tapped  into 
the  second  furnace,  and  a  very  little  high-phosphoinis  metal  can  be 
taken  either  at  each  slag  tapping  or  at  longer  intervals.  This 
scheme  would  eliminate  phosphorus  not  only  by  volatilization  but 
also,  in  part,  by  concentration  into  the  first  metal  to  fall. 

That  this  method  is  metallurgically  possible  is  shown  by  the  re- 
sults of  runs  56  and  57,  presented  in  the  following  tabulations: 

Charges  tised  in  run  56. 
[Figures  in  pounds.] 


Charge. 

Ore.a 

Char- 
coal. 

Coke. 

CaCOi. 

CaF,. 

StocI 
scrap. 

MIU 
scale. 

a 

100 
100 
100 
100 
75 

9.5 
2.5 
2.5 
5.5 
4 

9.5 
2.5 
2.5 
5.5 
4 

15 
8 
8 
6 
5 

6 
5 
6 
6 
4 

b 

10 

c.. 

d 

IS 

c, 

11 

a  From  lot  2b. 
Notes.— 

a.  Run  to  reduce  oonslderablc  Mn. 

b.  Run  to  reduce  very  little  Mn,  steel  scrap  added  to  collect  P. 

c.  Run  to  reduce  very  little  Mn. 

d.  Run  to  reduce  very  little  Mn,  and  leave  Fe  in  slag  from  mlU  scale, 
c.  Run  to  reduce  very  little  Mn,  but  all  the  mill  scale. 

Charges  used  in  run  57. 


Charge. 

Ore. 

Char- 
coal. 

CaCQi. 

NaCl. 

a 

50 
50 

1.0 
1.9 

6.6 
6.6 

4.3 

b 

4.3 

Notes.— 

a.  Run  to  reduce  very  little  Mn. 

b.  Run  to  reduce  a  good  deal  of  Mn. 

It  was  hoped  that  the  addition  of  NaCl  would  form  phosphorus  chlorides  or  oxychlorldes  that  might  bo 
more  readily  volatile. 

Results  of  runs  56  and  57. 


Run. 

Time. 

Kw.* 
hours 
used. 

Quan- 
tity of 
alloy 
made. 

Analysis  of 
alloy. 

Blag. 

Analysis  of 

Mn. 

P. 

Mn. 

P. 

56a 

Ilr. 
3 

1 
1 
1 
2 
1 
2 

min. 
15 
25 
40 
20 
1/ia 
106 
85 

136 
73 

60 

59 

105 

41 

88 

Pounds. 

13.2 

12.8 

2.0 

2.6 

11.1 

.4 

9.0 

Peret. 
66.5 
41.1 
69.6 
18.8 
41.8 
82.3 

5ai 

Peret. 
0.96 
1.02 
1.41 
1.23 
1.32 
1.07 
.39 

Pounds. 
74.8 
99.5 
87.0 
86.0 
50.0 
49.0 
41.0 

Peret. 
15.8 
22.0 
23.0 
21.6 
21.6 
24.0 
16.6 

Peret. 

ao5 

66b 

.12 

560 

.11 

56d 

.10 

56e 

.05 

57a 

.09 

67b 

.11 

a  Fumaco  cold  at  start. 


5  Furnace  hot  at  start. 
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Results  a/  runs  56  and  57 — Oontiiiued. 
DISTKIBDrriOlT  OF  XK.  AKD  P. 


Run.                         ' 

Mn. 

•  ^ 

P. 

Alloy. 

Slag. 

Lofis. 

Alloy. 

Slag. 

Loss. 

56a 

Per  a. 
87 
17 
6 

2 

26 

1 

33 

Perct, 
40 
91 
83 

78 

74 

97.6 

66 

PereL 
14 
•8 

11 

20 

0 
1.6 

11 

Per  a, 
34.6 
34.6 
7.6 

9 

40 
2 
19.6 

Perct. 

11 

33.6 

26 
b41 

23 
b88 
7.6 

24.6 

24.6 

Peret. 
63.5 

fi6b 

83 

56c .• 

62.6 

56d 

53 

56e 

sais 

57a 

72.6 

57b 

56 

«  Gain. 


b  Including  dro6S. 


The  results  of  runs  56b,  56c,  and  57a  indicate  that  by  proper  care 
85  to  90  per  cent  of  the  manganese  could  be  recovered  in  the  slag 
with  only  about  25  to  30  per  cent  of  the  phosphorus,  the  slag  having 
about  23  per  cent  manganese  and  0.10  per  cent  phosphorus  where  the 
original  ore  had  24  and  0.37  per  cent,  raspectively,  or,  on  the  basis  of 
the  calcined  ore  (deducting  loss  on  ignition),  27.5  and  0.42  per  cent. 

Attempts  to  smelt  the  dephosphorized  slags  without  the  proper 
flux  and  with  too  little  reducer  gave  low  recoveries  of  manganese. 
After  tests  had  indicated  the  flux  and  reducer  needed,  similar  tests 
were  again  made.  Not  enough  ore  from  lot  2b  was  left  for  a  run, 
so  ore  from  lot  4  was  added.     The  charges  were  as  follows: 

In  run  76  (dephosphorization),  57  pounds  of  lot  4  ore,  averaging 
25.4  per  cent  Mn,  2.1  per  cent  Fe,  37.2  per  cent  SiOj,  and  7.6  per  cent 
CaOn-MgO;  43  pounds  of  lot  2b  ore,  averaging  1.7  per  cent  AlaO,, 
0.29  per  cent  P,  and  12.1  per  cent  loss  on  ignition;  4  pounds  of  char- 
coal; and  7^  pounds  of  CaFj^  were  charged  in  two  batches.  The 
results  were  as  follows: 


Results  of  run  76  (dephosphorization). 

Chaigel. 

Time .* 2h.l0in. 

Ew.-hours  used 125 

Alloy  made :...... pounds. .  2. 9 

Manganese  in  alloy per  cent. .  54. 

Phosphorus  in  alloy do 2. 5 

Slag  made pounds. .  96. 7 

Manganese  in  slag per  cent. .  23. 4 

Phosphorus  in  slag do. ...  .1 


Charge  2. 
lh.35m. 
100 
4.5 
64.1 

2.12 
82 
20. 3 
.09 


Distribution  of  manganese: 

Metal per  cent.. 

Slag do 

Loss do 

Distribution  of  phosphorus: 

Metal do 

Slag do.... 

Loss do.... 


9 
79 
12 

29.6 
29.5 
41 
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The  second  tap  was  run  a  little  too  long  and  too  much  metal 
reduced. 

The  slags  were  then  smelted.  In  order  to  determine  what  the 
results  would  be  if  both  slags  and  metal  were  run  into  the  smelting 
furnace  from  the  dephosphorizing  furnace,  the  metals  as  well  as  the 
slags  were  recharged. 

In  nm  77  (smelting)  the  first  charge  consisted  of  96.7  pounds  of 
slag,  2.9  pounds  of  metal  from  run  76  (1),  17  poimds  of  charcoal 
(charcoal  only  was  used,  the  coke  supply  being  exhausted),  and  7^- 
pounds  CaFj.  The  second  charge  consisted  of  82  pounds  of  slag, 
4.5  pounds  of  metal  from  run  76  (2),  17  pounds  of  charcoal,  and  7^ 
pounds  CaFj.     The  results  were  as  follows: 

Results  of  run  77  (smelting). 

Total  (or 
Charge  1.       Charge  2.        average.) 

Time 2 h.  35  m.  1  h.  55m.    4  h.  30  m. 

Kw.-bours  used 175  130  305 

Metal  recovered • pounds. .     23.  7  21.  5  45.  2 

Manganese  in  metal perc^it. .     75^2  72.5  74 

SOicon  in  metal do 17.2 

Phosphorus  in  metal do....        .53  .53  .53 

Slag  recovered pounds. .    50  66  116 

Manganese  in  slag per  cent. .      9.  8  8.  8-  9.  2 

Phosphorus  in  slag do .06  .07  ^65 

Based  on  the  manganese  and  phosphorus  in  the  slag  and  metal 
chlarged  in  run  77,  the  distribution  was  as  follows: 

Percentage  distribution  of  Mn  and  P  based  on  analysis  of  slag  and  metal  charged. 

Mn.  P. 

Metal 75  70. 6 

Slag :  - 24  20. 5 

Ix)eB 1  9 

Based  on  the  analysis  of  original  ore  charged  in  run  76,  the  distri- 
bution when  both  slag  and  metal  of  that  run  were  recharged  was  as 
follows : 

Percentage  distribution  of  manganese  and  phosphorus,  based  on  original  ore. 

Mn.  P. 

Final  metal 66  41.5 

Final  slag 21  12 

Loss,  dephosphorizing  run 12  41 

Ix)6s,  smelting  run 1  5.5 

The  fact  that  the  manganese  loss  was  12  per  cent  in  the  first 
(dephosphorizing)  run,  as  compared  with  1  per  cent  in  the  second 
(smelting)  run,  although  the  temperature  was  much  higher  in  the 
second,  indicates  that  the  loss  in  smelting  is  more  by  dusting  than  by 
volatilization.  The  true  volatilization  loss  appears  to  be  small  as 
long  as  the  furnace  is  run  as  a  resistance  furnace,  or  with  only  a  small 
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submerged  arc.  A  large,  open,  high-voltage  arc  would  doubtless 
volatilize  manganese. 

To  find  what  the  results  would  have  been  had  the  metal  obtained 
in  run  76  not  been  recharged  in  run  77,  we  may  subtract  the  7.4 
poimds  of  alloy,  with  its  content  of  4.4  poimds  of  manganese  and 
0.17  pound  of  phosphorus,  from  the  45.2  pounds  of  alloy  obtained  in 
run  77,  with  its  33.4  pounds  of  manganese  and  0.24  pound  of  phos- 
phorus. This  would  leave  37.8  poimds  of  alloy,  containing  29  pounds 
of  manganese,  7.75  pounds  of  silicon,  and  0.07  pound  of  phosphorus, 
and  analyzing  about  77  per  cent  of  manganese,  20  per  cent  silicon, 
and  0.18  per  cent  phosphorus,  most  of  the  iron  being  taken  out  in 
the  first  alloy. 

The  distribution,  based  on  the  content  in  the  original  ore,  would 

then  have  been: 

. 

Percentnfje  distribution  of  Mn  and  P  when  the  alloy  is  not  rerrnelted, 

Mn.  P. 

Final  metal 57  12 

Final  Blag. ..  - 21  12 

IjOSs,  dephosphorizing  run 12  41 

Loss,  smelting  run 1  5.5 

Discarded  in  first  metal f)  29.  5 

If  the  second  charge  in  heat  76  had  not  been  run  so  long,  so  that 
only  2  or  3  pounds  of  metal  instead  of  4J  pounds  had  been  collected, 
the  recovery,  based  on  the  original  ore,  would  have  been  about  60 
per  cent. 

However,  if  the  high  phosphorus  alloy  charged  in  run  77  had 
been  left  out,  more  of  the  phosphorus  left  in  the  dephosphorized 
slag  might  have  gone  into  the  metal,  as  the  phosphorus  may  be 
expected  to  divide  itself  between  the  two  liquid  layers  somewhat 
according  to  the  concentration  of  phosphorus  in  each,  the  recovery 
of  the  0.075  pound  of  phosphorus  left  in  the  two  slags  might  have 
been  practically  complete.  This  would  have  given,  in  37.8  pounds 
of  alloy,  0.20  per  cent  phosphorus. 

Two  more  slags  were  made  from  the  same  charges  used  in  run  76, 
but  the  reduction  was  carried  further,  more  metal  being  reduced 
than  in  run  76.  The  slags  contained  an  average  of  20  per  cent 
manganese  and  0.10  per  cent  phosphorus.  These  were  smelted 
without  the  addition  of  the  metal  obtained  in  the  dephosphorizing 
run  and  gave  an  alloy  of  about  72  per  cent  manganese,  27  per  cent 
silicon,  and  0.17  per  cent  phosphorus,  with  a  recovery  of  71  per  cent 
manganese,  based  on  the  manganese  content  in  the  slags  charged. 

As  in  runs  56  and  57,  the  slags  from  an  ore  containing  0.37  per 
cent  phosphorus  were  brought  down  to  0.10  per  cent  phosphorus 
in  the  dephosphorizing  run,  and  as  in  run  76  an  ore  containing  0.29 
per  cent  phosphorus  came  down  also  to  0.10  per  cent  phosphorus. 
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it  is  probable  that  the  slag  of  ores  containing  even  more  than  0.37 
per  cent  phosphorus  could  also  be  brought  down  to  about  the  same 
phosphorus  content  without  much  greater  loss  of  manganese. 

In  order  to  get  an  idea  of  the  power  that  would  be  needed  ia 
smelting  the  hot  dephosphorized  slag,  the  power  consumption  was 
noted  in  run  77  from  the  time  the  slag  was  thoroughly  melted — 
that  isy  in  about  the  condition  it  would  be  when  tapped  from  the 
dephosphorizing  furnace  till  the  end  of  the  heat.  On  the  first  heat, 
startlog  with  a  cold  furnace,  95  kw.-hours  was  used  and  on  the 
second  85  kw.-hours  was  used.  On  a  third  heat  70  kw.-hoiurs  would 
probably  suffice. 

The  dephosphorization  heats  in  run  76  were  doubtless  continued 
longer  than  necessary,  as  in  heats  c  and  d,  run  56,  and  only  60  kw.- 
hours  was  needed. 

CONCLtrSIONS  AS  TO  TWO-STAGE   PBOCESS. 

It  would  appear  that  with  a  3,000-kw.  installation,  using  a  1,350- 
kw.  furnace  for  dephosphorization  and  a  1,650-kw.  furnace  for 
smelting,  12,500  pounds  of  ore  (containing  24  per  cent  Mn,  1.5  per 
cent  Fe,  38  per  cent  SiOj,  7.5  per  cent  CaO  +MgO,  0.4  per  cent  P, 
and  1.5  per  cent  ALOg,  with  13  per  cent  loss  on  ignition),  mixed 
with  250  pounds  of  coke,  250  pounds  of  charcoal,  and  940  pounds 
of  fluorspar  (CaFg),  and  given  5,500  kw.-hours,  would  produce  250 
pounds  of  high  phosphorus  alloy,  with  about  50  per  cent  Mn  and 
2.5  per  cent  P,  containing  about  half  of  the  Fe  in  the  ore  and  about 
11,000  pounds  of  slag,  with  23  per  cent  Mn  and  0.10  per  cent  P. 
The  latter  tapped  hot  into  the  second  furnace  and  mixed  with  950 
pounds  of  coke,  950  pounds  of  charcoal,  and  860  pounds  of  fluorspar, 
and  smelted  with  7,000  kw.-hours,  should  produce  2,350  pounds 
(equivalent  to  a  long  ton  of  80  per  cent  alloy)  of  an  alloy  containing 
76  per  cent  Mn,  4.5  per  cent  Fe,  18.3  per  o^nt  Si,  1.0  per  cent  C, 
0.20  per  cent  P,  with  a  recovery  of  60  per  cent  of  the  metallic  man- 
ganese in  the  original  ore. 

The  ore  smelted  direct  without  dephosphorization  would  give  an 
alloy  containing  about  73  per  cent  Mn,  8  per  cent  Fe,  17  per  cent  Si, 
1.25  per  cent  C,  and  0.75  per  cent  P,  with  a  recovery  of  70  per  cent 
of  the  manganese.  A  3,000  k.  v.  a.  installation  including  two  fur- 
naces as  suggested  above  would  produce  daily  4.5  long  tons  of  the 
dephosphorized  alloy,  containing  7,700  pounds  of  Mn,  1,850  poimds 
of  Si,  456  pounds  of  Fe,  100  pounds  of  C,  and  20  poimds  of  P,  while 
a  single  3,000  k.  v.  a.  furnace  would  produce  daily  5.5  long  tons  of 
the  high-phosphorus  alloy,  containing  9,000  pounds  of  Mn,  2,100 
pounds  of  Si,  950  pounds  of  Fe,  185  pounds  of  C,  and  92  pounds 
of  P. 
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Whether  the  lower  phosphorus  content  resulting  from  the  two 
furnace  treatments  would  compensate  for  the  lowec  manganese 
recovery  and  the  lower  output  depends  on  whether  the  high-phos- 
phorus alloy  can  be  utilized. 

If  0.9  per  cent  of  standard  SO  per  cent  ferromanganese — ^that  is 
to  say,  0.72  per  cent  ferromanganese — ^is  added  to  the  average  steel 
bath,  a  content  of  0.4  per  cent  phosphorus  in  the  ferromanganese 
(the  ratio  of  P  to  Mn  being  1  to  200)  would  raise  the  phosphorus 
content  of  the  steel  by  0.0036  per  cent.  Ferro  alloy  of  this  ratio 
has  been  accepted  by  some  steel  makers  during  the  manganese 
shortage. 

The  alloy  containing  73  per  cent  manganese,  17  per  cent  silicon, 
and  0.75  per  cent  phosphorus  would  raise  the  phosphorus  content 
of  the  steel  by  0.0074  per  cent,  while  the  alloy  containing  76  per  cent 
manganese,  18.3  per  cent  silicon,  and  0.2  per  cent  phosphorus  would 
raise  it  only  0.0019  per  cent.  Either  alloy  would  raise  ,the  silicon 
content  of  the  steel  17  points,  or  a  little  less,  as  some  silicon  will  be 
lost  by  oxidation. 

An  indefinite  quantity  of  manganese  alloys  high  in  phosphorus 
can  doubtless  be  absorbed  by  the  steel  industry.  Cromlish,*  in 
fact,  suggested  making  a  spiegel  with  13  to  25  per  cent  manganese 
and  2.2  to  3.4  per  cent  phosphorus  from  ''flush"  and  "tapping" 
cinders  and  utilizing  this  in  the  manufacture  of  the  steel  sheet, 
where  a  phosphorus  content  higher  than  normal  is  required  to  keep 
the  sheets  from  sticking  together  in  pack-roUing. 

During  the  preliminary  runs,  and  in  some  nms  not  reported  herein, 
with  ores  high  in  phosphorus,  when  the  proper  flux  or  reducer  was 
not  used,  a  number  of  alloys  running  from  65  to  75  per  cent  Mn,  3  to 
17  per  cent  Si,  1.3  to  5.3  per  cent  C,  and  1.6  to  0.7  per  cent  P  were 
produced.  An  assortment  of  these  alloys  has  been  sent  to  the 
Minneapolis  station  of  the  Bureau  of  Mines,  where  it  is  planned  to 
study  the  possibility  of  eliminating  the  phosphorus. 

According  to  Lang,^  by  melting  ferromanganese  high  in  phos* 
phorus  under  manganese  oxide  (MnOj)  at  1,200^  C,  the  phosphorus 
may  be  eliminated.  A  couple  of  tests  were  made  at  Ithaca  by  melting 
the  ferro  alloys  high  in  phosphorus  under  high-grade  manganese-oxide 
ores.  No  dephosphorization  of  the  alloy,  but  instead  a  dephos- 
phorization  of  the  ore  occurred. 

TESTS  WITH  HIGH-SHJCA  OBSS. 

An  important  class  of  low-grade  manganese  ores  is  that  in  which 
manganese  and  iron  occur  in  about  equal  amounts,  with  or  without 
a  high  proportion  of  silica  or  phosphorus,  or  both,  to  manganese. 

a  Cromlisb,  A.  L.,  U.  S.  Patent  1261907,  Apr.  9, 1918. 

ft  Long,  O.,  German  Patent  252166,  claes  18  b,  group  2,  Oct.  14, 1912. 
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Many  Cuynna  ores,  such  as  the  products  of  the  Ferro  and  Mille 
Lacs  mines,  some  of  the  Appalachian  ores,  and  some  ores  from  Lead- 
ville,  Colo.,  fall  into  this  class.* 

A  small  lot  of  such  an  ore  was  at  hand  from  the  Sultana  mine, 
Cuyiina  district.  The  lump  ore  analyzed  29.0  per  cent  Mn,  24.2 
per  cent  Fe,  4.5  per  cent  SiO,,  1.5  per  cent  CaO  -fMgO,  3.7  per  cent 
AJjOj,  0.20  per  cent  P,  and  showed  11.6  per  cent  loss  on  ignition. 

Such  an  ore,  smelted  direct,  would  give  about  a  50  per  cent  man- 
ganese alloy.  The  ratio  of  phosphorus  to  manganese  is  high.  It 
seems  desirable  to  produce  manganese  alloys  either  of  the  com- 
position of  Spiegel,  which  will  bear  cupola  melting,  for  adding 
hot  without  excessive  loss  of  manganese;  or  of  that  of  70  to  80 
per  cent  ferromanganese  for  adding  cold.  Alloys  of  intermediate 
composition,  say  40  to  60  per  cent  manganese,  where  the  balance 
is  iron  instead  of  silicon,  will  chill  the  steel  bath  badly  if  added  cold 
on  account  of  the  large  amounts  of  inert  iron  carried.  In  order  to 
add  such  alloys  hot,  electric  melting  of  the  alloys  is  necessary,  as  they 
would  lose  too  much  manganese  in  cupola  melting.  Electric  melting, 
even  of  80  per  cent  ferromanganese,  is  probably  desirable,  but  few 
American  steel  plants  are  doing  so  as  yet,  and  the  necessity  of  install- 
ing electric  furnaces  in  order  to  utilize  the  50  per  cent  manganese 
alloys  would  be  an  obstacle  to  the  adaption  of  electric  melting. 
Where  silicomanganese  containing  60  per  cent  manganese  and  20  per 
cent  sihcon  is  used  instead  of  both  ferromanganese  and  ferrosilicon, 
the  inert  iron  carried  by  the  silicomanganese  is  less  than  that  in  an 
equivalent  mixture  of  80  per  cent  ferromanganese  and  50  per  cent 
ferrosilicon. 

APPLICABILITY  OP  TWO-STAGE  PROCESS  TO  CUTUNA  ORES. 

As  SO  many  Cuyuna  ores  carry  an  undesirably  high  proportion  of 
phosphorus  to  manganese,  it  appears  that  if  electric  smelting  is  used, 
a  differential,  two-stage,  two-furnace  process  is  worth  consideration. 
The  bulk  of  the  iron,  a  little  manganese,  and  much  of  the  phosphorus 
may  be  reduced  in  the  first  furnace  to  a  high-phosphorus,  manganif- 
erous  pig  iron,  or,  in  an  ore  sufficiently  low  in  phosphorus,  to  a  spiegel, 
leaving  in  both  cases  a  slag  high  in  manganese,  low  in  iron,  and  low  in 
phosphorus  to  be  tapped  hot  into  the  second  furnace  and  there 
smelted  to  ferromanganese. 

RESULTS  OP  TESTS. 

Tests  with  the  two-stage  process  were  made  with  Cuyuna  ores. 
In  run  54,  three  heats  were  made,  each  charge  including  100  poimds 
of  Sultana  lump  ore,  3|  pounds  limestone  (the  furnace  bottom 
had  been  patched  with  dolomite  before  this  run,  and  some  of  the 

a  Harder,  £•  C,  Manganlferouslron  ores:  Bull.  690,  U.  S.  Geo].  Survey,  1918,  pp.  5, 8, 11. 
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dolomite  went  into  tiic  slags),  and  12  pounds  of  charcoal  (except  in 
heat  c,  where  10  pounds  was  used).     The  results  were  as  follows: 

Results  of  run  54. 
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o  A  little  CaF,  was  added  and  a  longer  run  was  made  to  pet  the  slip^tly  stiff  .slag  to  tarp  more  cleanly  from 
tJie  fumaee. 
6  Mixed  slag  and  metal  shot  taken  from  famaoe  bottom  xt-hen  cold. 

Hie  reduction  in  heat  a  was  carried  too  far,  reducing  too  much 
Mn.  With  experience  it  diould  be  possible  to  leave  about  80  per 
cent  of  the  Mn,  15  per  cent  of  the  Fe,  and  20  per  cent  of  the  P  in  the 
slag;  take  out  10  per  cent  of  the  Mn,  75  per  cent  of  the  Fe,  and  20 
per  cent  of  the  P  la  the  metal;  and  lose  10  per  cent  Mn,  10  per  cent 
Fe,  60  per  cent  P  by  volatilization  and  dusting. 

Two  thousand  pounds  of  ore  plus  200  pounds  of  reducer  (half 
charcoal,  half  coke)  plus  200  pounds  of  limestone,  smelted  with 
1,000  kw.-hours  cm*  less,  would  then  produce  about  425  pounds  of 
alloy  (low-grade  spiegel)  containing  13  per  cent  Mn,  89.5  per  cent 
Fe,  2  per  cent  C,  and  0.  20  per  cent  P;  and  1,100  pounds  of  slag  con- 
taining 42  i>er  cent  Mn,  6.5  per  cent  Fe,  8  per  cent  SiO^,  and  0.07  per 
cent  P,  that  is  the  equivalent  of  a  high-grade  ore. 

This  slag  tapped  hot  into  the  second  furnace,  with  the  addition  of 
50  pounds  of  limestone  and  330  pounds  of  reducer  (half  coke,  half 
chai^coal),  and  smelted  with  700  kw.-hours,  should  give,  assuming 
an  80  per  cent  recovery  of  the  Mn  in  the  slag,  460  pounds  of  alloy, 
analyzing  78.5  per  cent  Mn,  14.4  per  cent  Fe,  1.0  per  cent  Si,  6.0 
per  cent  C,  and  0.15  per  cent  P,  and  about  550  pounds  of  waste  slag. 

The  recovery  of  the  Ma  in  tike  final  alloy  would  be  64  per  cent  of 
Uiat  in  the  original  ore.  A  3/>00-kw.  installation  would  then  use 
a  1,750-kw.  fumaee  for  Uie  £i8t  operation  and  one  of  1,250-kw.  for 
the  second* 
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In  run  55, 190  pounds  of  slag  chosen  from  the  slags  made  in  run  54 
and  in  another  similar  run  were  mixed,  the  composition  of  the  mixed 
slags  being  41.0  per  cent  Mn,  15  per  cent  SiOj,  3.4  per  cent  Fe,  and 

0.06  per  cent  P. 

Results  of  nm  So . 
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a  Not  determined. 

The  results  of  this  run  checked  the  assumptions  made  as  to 
recovery  and  power  comsumption  in  smelting  the  slag. 

If  the  ore  were  high  in  phosphorus,  the  first  furnace  would  be 
so  operated  as  to  throw  as  little  manganese  into  the  alloy  as  possible, 
and  produce  a  pig  iron  with  a  manganese  content  of  about  10  per 
cent  and  a  phosphorus  content  according  to  that  in  the  ore.  Such 
pig  iron  would  doubtless  find  use  when  mixed  with  other  pig  of 
suitable  composition  and  should  have  some  value.  If  the  ore  is 
low  enough  in  phosphorus,  a  little  more  reducer  would  be  used  in 
the  first  furnace  so  as  to  cause  enough  manganese  to  be  thrown 
down  to  form  a  standard  spiegel.  If  too  little  iron  in  proportion 
to  the  manganese  was  left  in  the  slag  for  the  second  smelting,  steel 
scrap  or  ore  low  in  manganese  but  high  in  iron  would  be  added, 
so  that  the  products  from  a  low  phosphorus  ore  could  be  speigeleisen 
and  f  erromanganese. 


182  ELECTRIC  SMELTING  OF  DOMESTIC   MANGANESE   ORES. 

COHPILATIOV   OF   DATA. 

The  probable  performance  of  several  types  of  domestic  manganese 
ore  under  electric  smelting,  compiled  from  the  data  available  on 
present  practice,  and  from  the  results  of  experimental  work,  is 
given  in  Table  31  following. 

The  electrode  consumption  per  ton  of  product  has  been  calculated 
on  the  basis  of  kw.-hours  required  per  ton  of  product,  taking  as 
standard  the  normal  commercial  consumption  of  175  pounds  of 
electrode  per  ton  of  80  per  cent  ferromanganese  produced  from  an 
ore  containing  40  per  cent  manganese  and  20  per  cent  silica,  and 
using  5,500  kw.-hours.  In  other  words,  the  electrode  consumption 
per  1,000  kw.-hours  used  is  31  pounds.  The  actual  consumption 
of  electrodes,  not  including  stub  ends  in  the  experimental  runs, 
varied  from  6  to  10  pounds  per  450  kw.-hours  used,  which  is  of  the 
same  general  order  of  magnitude  as  the  figures  assumed. 

In  Table  32  an  attempt  has  been  made  to  calculate  costs  of 
operation  for  the  eight  ores  represented  in  Table  31,  on  the  assump- 
tion that  the  ores  are  priced  as  follows:  Ores  1  and  2  in  accordance 
with  the  War  Industries  Board's  schedule,  ores  3  and  4  at  $15  per 
ton,  ore  5  at  $7.50  per  ton,  ores  6  and  7  at  $7  per  ton,  and  ore  8  at 
$8  per  ton.     limestone  is  assumed  to  cost  0.2  cent  a  pound,  fluorspar 
3  cents  A  pound,  coke  0.5  cent  a  pound,  charcoal  1^  cents  a  pound, 
steel  scrap  2  cents  a  pound,  electrodes  15  cents  a  pound,  and  power 
0.5  cent  per  kw.-hour  used.     Selling  prices  are  calculated  at  $285.80 
per  long  ton  of  80  per  cent  ferromanganese  (equivalent  to  $250 
per  long  ton  of  70  per  cent  ferromanganese),  and  $150  per  long  ton 
of  50  per  cent  ferrosilicon;  and  the  manganese  and  silicon  contents 
in  a  sUicomanganese  alloy  are  calculated  as  having  the  same  value 
as  in  the  separate  f  erro  alloys.     The  alloy  of  ore  5,  with  0.60  per  cent 
phosphorus,  is  figured  as  worth  $260  per  equivalent  ton  of  80 
per  cent  ferro,  while  that  of  ore  7,  with  0.75  per  cent  phosphorus, 
is  figured  as  worth  $235  per  equivalent  ton.    All  these  figures  are 
assumed,  and  would  vary  widely  according  to  the  situation  of  the 
plant.     They  are  included  merely  to  give  a  rough  idea  of  the  costs. 
Peace-time  figures  would  greatly  alter  the  costs  and  profits. 

Lyon,  Keeney,  and  CuUen*  give  the  following  prices  per  metric 
ton  in  Germany,  f.  o.  b.  Louisberg,  January  1,  1913: 

50  per  cent  ferrosilicon $77. 55 

80  per  cent  ferromanganese 68. 00 

Silicomanganese  (68  to  75  per  cent  Mn,  20  to  25  per  cent  Si) 106. 50 

It  is  seen  that  the  price  paid  for  contained  manganese  and  silicon 
in  the  silicomanganese  is  higher  than  that  paid  for  the  same  amount 
of  manganese  and  silicon  in  ferro  alloys. 

•  Lyoo,  D.  A.,  Keeney,  R.  M.,  and  CuUen,  J.  F.,  work  cited,  p.  HO. 
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The  greater  daily  output  per  furnace  when  using  the  higher 
grade  ores  makes  their  use  more  profitable  to  the  electric-smelting 
plant.  On  the  assumptions  made,  the  practice  of  smelting  ores  that 
can  be  run  without  a  slag  to  silicomanganese  shows  the  largest 
profit  as  well  as  the  highest  recovery  of  manganese  from  the  ore. 

The  figures  for  ores  1  to  4  have  been  calculated  on  the  basis  of 
commercial  practice,  and  for  ores  5  to  8  on  the  basis  of  the  experi- 
mental work  in  which  expensive  fluorspar  and  charcoal  was  used. 
Experience  in  large-scale  operation  would  probably  allow  the  sub- 
stitution of  some  limestone  for  fluorspar  and  some  coke  for  charcoal. 
No  experiments  to  test  this  possibility  were  made,  as  the  work  was 
aimed  to  show  the  metallurgical  rather  than  economic  possibilities, 
and  as  such  tests  on  a  laboratory  scale  would  have  to  be  checked 
by  large-scale  tests  before  accurate  information  would  be  obtained. 

According  to  WiUcox,**  Germany  made  silicomanganese  from  blast- 
furnace slags,  and  ferro  or  silico  from  low-grade  ores  during  her 
manganese  shortage. 

The  Taylor- Wharton  Steel  Co.,  High  Bridge,  N.  J.,  which  makes 
manganese  steel,  had  a  slag  from  manganese  steel  running  35  to 
42  per  cent  silica  and  3 1  to  43  per  cent  manganese.^  The  company 
had  some  of  this  slag  electrically  smelted  into  an  alloy  of  47  per 
cent  manganese  and  20  per  cent  silicon,  which  was  used  successfully 
in  the  manufacture  of  steel.  The  cost  of  smelting  was  too  high  to 
make  the  use  of  the  alloy  economically  desirable  at  the  peace-time 
prices  of  ferro  then  prevailing. 

Tables  31  and  32  follow  on  next  pages. 

CONCLUSION   AS   TO    ELECTBIC   SMELTING. 

The  conclusion  to  be  drawn  from  this  investigation  is  that  although 
the  electric  smelting  of  manganiferous  slags  and  low-grade  domestic 
ores  is  unlikely  to  be  profitable  at  times  of  normal  costs  and  prices, 
such  smelting  is  metallurgically  possible,  and  could  be  done  profit- 
ably in  times  of  high  prices. 

aWillcox,  F.  H.,  The  significance  of  manganese  in  American  steel  metallurgy:  Trans.  Am.  Inst.  Min. 
Eng.  VoL  56,  February,  1917,  pp.  412-420. 
b  Personal  commimication. 
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CHAPTER  11.— USE  OP   MANGANESE  ALLOCS   IN   OPEN- 
HEARTH  STEEL  PRACTICE. 


By  Samuel  L.  Hoyt. 


IHTEODUCTOEY   STATEMENT. 

This  report  presents  the  results  of  an  extensive  study  of  the  use 
of  manganese  alloys  in  open-hearth  steel  practice  in  the  United 
States.  The  magnitude  of  the  work  and  the  number  of  men  who 
aided  in  one  way  or  another  make  difSicult  acknowledgment  to  all 
who  have  contributed  to  its  progress.  However,  some  expression 
should  be  made  of  the  hearty  cooperation  accorded  to  the  members 
of  the  bureau  by  the  varioxis  manufacturing  interests.  With  such 
a  sympathetic  attitude,  the  investigation,  depending  so  largely, 
as  it  did,  upon  cooperation  between  the  steel  plants  and  the  investi- 
gators, was  early  assured  of  every  possibility  of  ultimate  success. 
The  war  conditions  that  rendered  this  investigation  necessary  have 
passed,  but  it  is  hoped  that  the  results  may  prove  of  permanent 
value  to  the  open-hearth  steel  industry. 

PUBPOSE   AND    SCOPE    OF   INTESTIGATION. 

The  purpose  of  making  this  investigation  was  to  determine  the 
extent  to  which .  domestic  or  low-grade  manganese  alloys  could 
properly  be  substituted  in  open-hearth  steel  practice  for  high-grade 
alloys  without  materially  impairing  the  steel  production  either  as 
to  quality  or  quantity.  Moreover,  it  was  held  that  such  an  extensive 
investigation  of  this  important  step  in  the  manufacture  of  steel 
would  imdoubtedly  yield  valuable  results  to  the  steel  industry  as 
well  as  contribute,  in  no  small  way,  toward  directing  future  investi- 
gations in  the  same  field. 

It  was  recognized  at  the  start  that  data  bearing  on  the  projected 
study  should  be  available  at  individual  plants,  and  that  a  compila- 
tion and  digest  of  such  results  would  be  the  logical  method  of 
approaching  the  proposed  investigation.  This  consideration  some- 
what controlled  the  selection  of  the  steel  plants  at  which  to  conduct 
the  detailed  investigations. 

The  evolving  of  a  definite  experimental  program  from  the  state- 
ment of  the  general  problem,  considering  the  time  element  and  the 
many  and  varied  factors  involved,  was  not  reached  without  due 
consideration  of  competent  metallurgical  advice.    After  making 
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a  preliminary  survey,  it  seemed  important  to  determine  (a)  the 
conditions  in  open-hearth  practice  that  would  lead  to  a  conservation 
of  manganese,  both  diuing  the  working  of  the  heat  and  in  making 
the  final  additions;  {h)  the  most  satisfactory  metallurgical  conditions 
for  the  use  of  manganese  in  the  form  of  low-grade  or  special  alloys ; 
and  (c)  the  effect  on  the  finished  steel,  both  as  to  quality  and  ''con- 
dition/' of  the  various  methods  and  processes  studied.  With  these 
points  in  mind,  the  selection  of  the  steel  plants  was  made  so  that 
research  work  bearing  on  one  or  more  of  these  points  could  be 
conducted. 

It  was  decided  to  determine  slag  and  metal  compositions  during 
the  refining  of  the  heat;  also,  the  temperature  was  to  be  noted  each 
time  a  sample  was  taken,  in  order  to  determine,  if  possible,  the 
temperature  effect.  The  "recovery"  of  manganese  was  to  be 
determined  from  the  residual  and  final  manganese  contents  and  the 
weight  of  the  metal.  To  this  end  a  sample  of  the  finished  steel  was 
taken  during  teeming.  By  taking  three  such  samples,  one  at  the 
beginning,  one  toward  the  middle,  and  one  at  the  end  of  teeming, 
tests  for  uniformity  were  possible.  This  practice  was  generally 
observed  throughout  the  investigation.  The  data  obtained  were 
also  supplemented  by  the  plant  records  covering  given  heats  as 
weU  as  by  personal  observation  during  refining,  pouring,  and  teeming. 

When  planning  steps  that  should  be  taken  to  determine  the  quality 
and  "condition"  of  the  steel,  it  was  foimd  that  no  definite  and  well- 
proved  method  was  available.  True,  the  open-hearth  melter 
knows  whether  his  heat  is  in  proper  condition,  but  what  was  needed 
was  a  quantitative  estimate  of  "condition."  Without  attempting 
to  discuss  the  physical  chemistry  of  a  heat  of  molten  steel,  it  may 
be  said  that  the  condition  of  the  heat  must  depend,  aside  from  the 
temperatiire,  upon  the  presence  in  the  steel  in  those  substances  that 
affect  the  "condition."  Of  these  there  are  two  kinds:  (1)  Sub- 
stances that  promote  "openness,"  or  the  gases,  which  again  may  be 
classified  as  (a)  gases  that  are  products  of  chemical  reactions,  being, 
in  so  far  as  we  know,  CO  and  possibly  CO^,  and  (b)  gases  that  are 
absorbed  from  the  furnace  gases,  such  as  H,  N,  CO,  and  CO2 ;  and 
(2)  substances  that  promote  "soimdness,"  such  as  the  reducing  and 
solidifying  agents,  C,  Mn,  Si,  and  Al. 

In  general  it  is  held  that  Mn,  Si,  and  Al  inhibit  the  chemical 
reactions  producing  CO  by  reducing  (or  partly  reducing)  FeO,  the 
principal  constituent  that  produces  the  reactions.  In  this  state- 
ment only  the  metal  bath  is  considered  and  the  FeO,  and  not 
FcaO,,  is  assumed  to  be  in  solution  in  the  steel.  According  to  this 
idea,  reducing  action  on  a  slag  containing  FcaO^  would  produce 
FeO,  part  of  which  would  enter  the  steel  to  react  later  with  C,  Mn, 

id  other  reducing  agents  present.    The  reduction  of  FeO,  then, 
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is  the  principal  means  of  ''settling''  the  liquid  steel,  and  it  is  for 
this  reason  that  Mn  is  added  ia  the  final  steps.  It  is  also  held  that 
Si  and  Al  produce  solidity  in  the  finished  steel,  aside  from  reducing 
FeO  and  CO,  either  by  keeping  the  gases  H,  N,  etc.,  in  solid  solution, 
or  by  preventing  the  dissociation  of  the  compounds  of  those  elements 
and  iron. 

The  obvious  procedure  to  get  a  quantitative  estimate  of  the  ''con- 
dition" of  the  steel,  considering  both  the  behavior  of  the  molten 
inetal  and  the  chara<5ter  of  the  ingot,  would  be  to  determine  the 
amounts  of  the  constituents  in  each  of  these  two  groups  and  to 
weigh  one  set  against  the  other.  Even  this  procedure  would  not, 
at  present,  lead  to  results  that  could  be  interpreted  with  entire  con- 
fidence, even  though  there  were  90  uncertainties  in  the  analytical 
methods,  because  we  do  not  know  the  quantitative  effect  of  each 
constituent,  either  by  itself  or  when  associated  with  other  constitu- 
ents in  varying  amounts.  In  view  of  this  lack  of  fundamental  data, 
it  was  decided  to  make  the  analyses  and  use  the  results  in  a  qualita- 
tive way,  at  least,  to  compare  the  different  practices  investigated.    . 

THE  FXnsrCTIOVS   OF   KAVaAHESE. 

During  such  a  critical  period  as  that  now  passed,  the  question 
nought  be  raised  as  to  the  possibility  of  eliminating  manganese  from 
steel  maldng.  This  point  was  duly  considered  but  it  was  at  once 
held  that  the  use  of  manganese  is  not  merely  an  expedient,  for  which 
some  substitute  might  readily  be  had,  but  is  rather  one  of  the  basic 
requirements  of  successful  practice  in  working  steel.  It  is  quite 
true  that  in  many  instances  the  actual  amount  of  manganese  used 
in  a  heat  of  steel  is  greater  than  purely  metallurgical  considerations 
demand,  and  any  excess  could  well  be  considered  as  so  much  wasted. 

It  may  be  well  to  review  briefly  the  important  functions  of  man- 
ganese as  they  bear  directly  on  both  of  the  points  mentioned  above. 
The  first  function  of  manganese,  broadly  considered,  is  to  refine  and 
"settle"  the  molten  bath  of  steel.  The  aim  here  is  to  put  the  metal 
in  a  proper  condition  for  pouring,  and  to  produce  ingots  (or  castings) 
of  the  desired  quality  and  texture.  Manganese  is  not  the  most  effi- 
cient element  that  can  be  used  for  this  purpose,  calculated  from  the 
heat  of  combustion  of  the  element  to  its  oxide,  but  is  without  doubt 
the  most  satisfactory  because  of  the  excellent  condition  (freedom 
from  objectionable  foreign  inclusions)  in  which  it  leaves  the  bath. 

The  proportion  of  manganese  theoretically  required  for  this  opera- 
tion might  possibly  be  calculated  from  the  amount  of  oxygen  con- 
verted from  the  active  form,  FeO,  to  the  inactive  form,  MnO.  A»- 
stuning  an  oxygen  content  of  0.075  per  cent  in  the  unsettled  steel 
and  of  0.015  per  cent  in  the  finished  steel  (oxygen  by  the  Ledebur 
method),  the  amount  of  manganese  used  in  this  way  would  be  0.2 
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per  cent. .  The  writer  is  informed  by  the  Bureau  of  Standards  that 
such  a  calculation  is  premature,  owing  to  lack  of  knowledge  on  the 
subject  of  ''deoxidation"  and  the  faultiness  of  the  Ledebur  determi- 
nations. However  it  would  seem  to  the  writer,  from  the  work  done 
at  the  Bureau  of  Standards,^  that  the  amoxmt  of  oxygen  determined 
is  the  amount  present  as  FeO  (active  form),  subject  possibly  to  an 
error  due  to  partial  reduction  of  CO  during  the  determination.  At 
any  rate,  the  above  is  advanced  as  at  least  the  first  approximation  of 
the  amount  of  manganese  required  simply  for  destroying  the  ferrous 
oxide  present  in  the  bath.  The  amount  of  manganese  required  nat- 
urally would  vary  with  the  condition  of  the  bath  and,  in  order  to 
insure  efficient  ''deoxidation/'  would  be  somewhat  in  excess  of  the 
calculated  amount.  A  well-mada  heat  of  steel  would  probably  not 
require  more  than  0.35  per  cent  Mn. 

Manganese  is  also  desirable  in  steel  to  improve  the  rolling  proper- 
ties, in  which  capacity  it  appears  to  serve  a  dual  purpose.  First  of 
all,  manganese  deoxidizes  and  refines  the  molten  steel  in  such  a  way 
as  to  give  ingots  of  the  desired  texture  without  robbing  the  steel  of 
its  hot-working  properties.  Thus,  ingots  may  be  rolled  into  finished 
shape,  without  the  formation  of  excessive  fissuring  or  surface  de- 
fects. Other  reducing  agents,  such  as  aluminum  and  silicon,  are 
prone  to  leave  the  metal  in  poor  condition  for  rolling  and  forging. 
They  eliminate  one  cause  of  hot  shortness — iron  oxide — ^but  fail  to 
convert  the  sulphur  into  a  harmless  form,  as  manganese  does,  and 
leave  behind  their  highly  refractory  oxides,  both  of  which  tend  to 
produce  poor  rolling  qualities.  Secondly,  manganese,  by  retarding 
the  rate  of  coalescence  or  grain  growth,  renders  steel  less  sensitive  to 
the  effects  of  the  high  temperatures  used  in  rolling  and  is  supposed 
to  promote  plasticity,  at  least  in  ordinary  steels,  at  rolling  tempera- 
tures. Silicon  and  aluminum,  on  the  other  hand,  increase,  rather 
than  decrease,  the  grain  size  of  steel.  The  proportion  of  manganese 
required  in  this  capacity  probably  does  not  exceed  0.35  per  cent  in 
well-made  steel. 

Finally,  manganese  is  desired  in  the  finished  steel  to  produce  cer- 
tain physical  or  mechanical  properties  or  to  make  the  steel  more 
amenable  to  subsequent  heat  treatment. 

The  foregoing  discussion  indicates  that  manganese  is  an  important 
factor  in  the  steel  industry.  Of  course,  material  such  as  '^American 
ingot  iron''  can  be  successfully  rolled,  even  though  no  manganese  be 
added,  but  requires  greater  time  and  care. 

It  is  of  interest  to  note  that  manganese,  coming  in  the  periodic 
system  between  iron  and  the  strengthening  elements  on  one  side  and 
the  hardening  elements  on  the  other,  has  the  dual  function  of  strength- 

a  Gain,  J.  R.,  and  Pettijohn,  Earl.    A  critical  study  of  the  Ledebur  method  for  determining  oxygen  in 
Iron  and  steel:  Bareaa  of  Standards  Teohnologlc  Paper  118, 1919, 33  pp. 
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ening  and  hardening  sted/ which  is  not  possessed  by  any  other  ele- 
ment. 

Manganese  conservation  would  best  be  obtained  by  eliminating 
the  manganese  specification  except  where  the  amount  of  manganese 
present  in  the  finished  steel  has  some  definite  bearing  on  the  prop- 
erties of  heat  treatment  of  the  steel.  In  other  words,  whenever  only 
casting  and  rolling-mill  practice  (plant  problems)  are  involved,  the 
steel  man  should  be  allowed  to  exercise  his  own  judgment  as  to  the 
amount  of  manganese  that  should  be  used  to  give  the  most  satis- 
factory and  economickl  practice,  and  the  finish  and  quality  of  the 
product  should  be  controlled  by  adequate  inspection.  On  the  basis 
of  EUicott's  figures,^  by  reducing  the  manganese  requirements  by 
0.2  per  cent  in  making  plates  and  shapes  and  other  low-carbon,  steel 
(estimated  production,  21,350,000  tons),  54,000  tons  of  80  per  cent 
ferromanganese  could  be  saved. 

BECOHHENDATIOVS  FOB  THE   UTILIZATIOV   OF   DOMESTIC 

ALLOTS. 

The  investigation  here  reported  indicated  that  three  practices  for 
utilizing  domestic  alloys  in  open-hearth  steel  practice  seem  to  com- 
mend themselves  above  the  others.  These  are  as  follows  (but  not  in 
the  order  of  their  importance):  (1)  The  use  of  a  "molten  spiegel 
mixture''  for  deoxidation  and  recarburization;  (2)  the  practice  of 
melting  and  refining  the  steel  bath  so  as  to  insure  a  comparatively 
high  residual  manganese  content,  say,  0.3  per  cent  Mn;  (3)  the  use  of 
manganese  alloys  containing  silicon.  In  selecting  plants  for  investi- 
gating these  practices  two  points  were  kept  in  mind.  The  plant 
should  have  either  "ordinary"  practice,  for  the  sake  of  comparison, 
or  else  one  of  the  three  just  mentioned,  and  the  product  or  kind  of 
steel  made  should  be  representative  of  the  larger  tonnages,  such  as 
shell  steel,  plates,  or  sections. 

"MOLTEN   SPIEGEL   MIXTITBE "   PBACTICK 

The  practice  has  been  adopted  at  a  few  plants  of  combining  in  one 
operation  both  recarburization  and  deoxidation  by  using  a  mixture 
of  pig  iron  and  spiegel  that  has  been  premelted  in  a  cupola.  This 
"molten  spiegel  mixture"  contains  5  to  11  per  cent  metallic  man- 
ganese, 4  per  cent  carbon,  and  the  desired  amount  of  silicon,  and  is 
added  to  the  ladle  during  the  tapping  in  such  a  way  as  to  cause  a 
thorough  and  uniform  mixture  of  the  two  streams. 

The  principal  advantages  of  interest  here,  not  considering  ques- 
tions of  plant  and  operating  economy,  are  as  follows:  1.  A  low-grade 
or  domestic  alloy  can  bo  used  in  the  preparation  of  the  "mixture." 

a  EUioott,  C.  R.  Manganese  conservation  in  Steel  making:  Iron  Age,  vol.  101|  Juno  6, 1918,  pp.  1484-1485, 
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2.  The  deoxidatioii  is  accomplished  by  means  of  a  dilute  solution, 
with  a  consequent  increase  (on  theoretical  groimds)  of  the  efficiency 
of  the  deoxidizer.  This  point  will  receive  further  consideration.  3. 
The  deoxidizer  is  added  in  the  molten  state,  insuring  certain  attend- 
ant advantages,  which  will  also  be  considered  at  greater  length.  4.  A 
special  advantage,  if  a  large  steel  output  is  desired,  is  that  the  amount 
of  the  recarburizer  is  comparatively  large  and  the  capacity  of  the  plant 
is  materially  (and  economically)  increased  thereby.  There  is  some 
question  as  to  the  propriety  of  including  this  advantage  as  peculiar 
to  this  particular  practice.  The  use  of  pig  ironT  as  a  recarburizer  may 
be  accomplished  in  other  ways  with  the  same  economy  and  increase 
in  plant  capacity.  5.  Another  advantage  would  seem  to  the  writer 
to  be  as  follows:  As  compared  with  the  results  in  the  usual  practice 
of  adding  carbon  and  manganese,  there  should  be  less  likelihood  of 
missing  a  heat. 

This  practice,  at  least  at  the  plant  visited,  and  it  is  imderstood  to 
be  tha  same  elsewhere,  is  limited  to  the  manufacttire  of  the  high- 
carbon  steels  or  those  running  0.30  per  cent  or  more  of  carbon.  To 
make  steels  with  0.20  per  cent  carbon  would  require  working  the 
bath  until  the  carbon  content  was  about  0.10  per  cent,  and  the  molten 
mixture  added  would  have  to  contain  about  20  per  cent  manganese 
(spiegel).  The  amount  of  the  addition  would  be  reduced  from  13,000 
pounds  to  about  4,000  pounds,  which  would  mean  that  some  of  the 
advantages  just  enumerated  would  be  lessened,  and,  with  the  in- 
creased loss  of  manganese  the  practice  would  probably  not  be  com- 
mercially feasible.  However,  when  the  other  alternative — the  use  of 
ferromangauBse,  either  solid  or  liquid — ^is  considered,  the  practice  of 
premelting  spiegel  in  the  cupola  seems  commendable,  on  groimds  to 
be  considered  later.  In  the  event  of  undue  shortage  of  high-grade 
ferromanganese  the  practice  would  doubtless  offer  a  ready  solution 
of  the  problem  of  using  domestic  alloys  in  making  steel  for  shapes, 
plates,  etc.  Against  the  increased  cost  of  production,  as  compared 
with  the  cost  of  cold  ferromanganese  practice,  there  would  be  the 
greater  uniformity  of  product  and  more  uniform  practice  as  an  offset. 

HIGH   BESIDUAL   MANGAITESE   PBACTICE. 

At  certain  plants  the  practice  of  preferential  oxidation  and  elimina- 
tion of  carbon  and  phosphorus  has  been  developed,  the  residual  man- 
ganese being  kept  at  a  comparatively  high  value,  say,  0.25  to  0.30 
per  cent,  as  compared  with  0.10  per  cent  manganese  for  a  final  carbon 
content  of  0.10  per  cent.  This  is  accomplished,  broadly  speaking^ 
(a)  by  rapidly  removing  the  phosphorus  and  retaining  it  as  stable 
calcium  phosphate  during  the  earlier  and  colder  period  of  melting; 
(ft)  by  maintaining  a  high  finishing  temperature  and  working  the 
charge  with  a  high  manganese  content  so  that  the  slag  contains 
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about  8  per  cent  manganese ;  and  (c)  by  increasing  the  lime  content 
of  the  slag  to  about  47  per  cent  as  a  minimum. 

This  process  possesses  undoubted  advantages,  but  they  are  such 
that  they  are  probably  best  appreciated  by  plants  in  which  the  proc- 
ess has  been  developed  and  where  it  is  now  in  operation  on  a  sound 
commercial  basis.  First  of  all  it  may  be  stated  that  the  practice, 
correctly  applied,  leads  to  the  production  of  high-grade  and  imiform 
steel,  which  in  itself  means  increased  rolling-mill  output,  fewer  rejec- 
tions, and  a  more  ready  market.  This  is  largely  due  to  the  fact  that 
the  steel  is  made — ^where  it  should  be  made — ^in  the  furnace. 

A  second  advantage  derived  from  the  high  MnO  and  CaO  contents 
of  the  slag,  is  that  the  final  additions  of  manganese  can  be  added  in 
the  furnace,  with  a  recovery  comparing  favorably  with  that  of  ladle 
additions.  A  third  advantage  is  that  the  same  pig  iron  used  for  the 
charge,  and  containing  appreciably  more  manganese  than  ordinary 
basic  iron  does,  can  be  used  to  recarburize  and  partly  deoxidize  the 
bath.  The  rest  of  the  manganese  is  added  as  ferromanganese.  At  a 
steel  plant  which  operates  in  conjimction  with  a  blast-furnace  plant 
a  harmonious  and^  economical  cycle  of  plant  operations  is  made  pos- 
sible. At  the  same  time  the  open-hearth  slag  can  be  resmelted  in 
the  blast  furnace  for  the  recovery  of  the  iron  and  manganese  and  the 
utilization  of  the  lime. 

This  practice  is  largely  dependent  upon  the  amount  of  phosphorus 
in  the  slag,  for  obviously  it  would  not  be  worth  while  to  recover  the 
manganese  at  the  expense  of  unduly  increasing  the  phosphorus  con- 
tent of  the  pig  iron.  In  this  country  we  are  fortunately  situated  in 
this  respect,  as  there  is  still  a  large  amoimt  of  ore  rather  low  in  phos- 
phorus available.  No  definite  figure  can  be  given  at  this  time  as  to 
the  maximiun  allowable  phosphorus  content  of  the  pig  iron,  but  it 
IS  the  opinion  of  at  least  one  steel  man  who  uses  this  process  that  a 
content  of  0.6  per  cent  would  not  be  excessive.  Under  the  condi- 
tions prevailing  in  1918,  this  practice  had  the  additional  advantages 
that  the  high-m^^anese  pig  iron  could  be  procured  by  smelting 
domestic  manganif erous  iron  ore  and  that  the  manganese  alloy  added 
to  the  furnace  at  the  end  of  the  heat  could  as  well  be  spiegel  as  ferro- 
manganese, assuming  that  the  finished  steel  contains  more  than  about 
0.10  per  cent  carbon.  There  would  also  be  certain  disadvantages, 
particularly  that  the  carbon  content  of  the  bath  would  have  to  be 
worked  to  a  lower  figure  than  in  present  practice.  On  account  of  the 
high  cost  of  spiegel  and  iihe  greater  time  required,  it  is  doubtful 
whether  the  steel  plants  would  substitute  spiegel  for  ferromanganese. 
Another  interesting  point,  as  regards  the  utilizing  of  domestic  man- 
ganiferous  iron  ore,  is  that  low-silica  ore  coidd  be  added  to  the  slag 
as  a  source  of  manganese  oxide. 
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The  high  manganese  content  of  the  charge  is  generally  obtained 
by  using  a  '^high-manganese"  pig  iron  (2  to  3  per  cent  manganese), 
but  may  also  be  obtained  by  adding  manganese  ore  to  the  slag  or 
manganese  alloys  to  the  bath  or  by  a  combination  of  these  methods. 
This  point  would  be  determined  by  plant  economy,  but  it  seems 
doubtful  whether  the  practice  would  be  worth  while  imless  a  high- 
nianganese  pig  iron  were  available.  The  writer  is  informed  by  one 
blast-furnace  superintendent  that  running  the  manganese  up  to  2  per 
cent  does  not  materially  affect  the  production,  so  that  lower  pig-iron 
production  would  not  be  a  disadvantage  in  this  practice.  The  loss 
of  manganese  by  oxidation  and  transferrence  to  the  slag  is  consid- 
erable. This  loss  may  be  kept  at  a  minimum  by  increasing  the 
basicity  of  the  slag  in  CaO  and  FeO,  which,  combined  with  the  MnO, 
which  also  acts  as  a  base,  exert  the  desired  effect  upon  the  manganese 
of  the  bath. 

As  the  working  of  the  charge  progresses  its  temperature  rises 
until  finally  with  the  high  CaO,  and  particularly  the  high  MnO 
content  of  the  slag,  the  carbon  is  eliminated  more  rapidly  than  the 
manganese,  with  the  result  already  stated,  namely,  the  manganese 
can  be  held  to  about  0.3  per  cent  at  the  end  of  the  heat.  Present 
data  indicate,  unfortunately,  that  no  material  decrease  in  the  amount 
of  manganese  required  and  no  material  increase  in  the  recovery  of 
manganese  in  the  additions  may  be  expected,  so  that  the  advantages 
are  derived  not  from  a  decreased  consumption,  but  from  the  form 
in  which  it  can  be  added. 

Data  for  one  such  heat  showed  that  a  total  of  3,728  pounds  of 
manganese  was  used  in  one  form  or  another  to  produce  1,272  pounds 
of  manganese  in  the  finished  steel — that  is,  3.54  pounds  was  used  to 
produce  1  pound  in  the  steel.  The  manganese  added  in  the  recar- 
burizer  and  as  ferromanganese  amounted  to  1,068  pounds,  of  which, 
assuming  the  manganese  loss  to  come  from  these  two  sources,  838 
pounds  was  recovered  in  the  finished  steel,  a  recovery  of  78.4  per 
cent.  In  this  heat  the  ferromanganese  was  added  to  the  furnace. 
Another  more  or  less  comparable  heat  selected  at  random,  but  more 
representative  of  ''standard''  practice,  used  2,190  pounds  of  man- 
ganese to  produce  1,200  pounds,  or  1.82  pounds  (as  compared  to 
3.54  pounds)  to  produce  1  pound  of  manganese  in  the  finished  steel. 

STANDASD  OPEN-HEASTH  PBACTICE  COMPABED  WITH 

OEBTAIN  OTHEB  PBACTICES. 

Data  regarding  the  results  obtained  in  standard  open-hearth  steel 
practice  as  compared  with  the  results  when  molten  spiegel  is  used  or 
when  there  is  a  large  percentage  of  residual  manganese  will  be  pre- 
sented in  a  later  report  after  more  complete  analytical  results  have 
been  received. 
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USE   OF   MANOAlTESE-SIUOOir   ALLOTS. 

The  high  silica  content  of  most  of  our  domestic  manganese  and 
manganiferous  iron  ores  made  it  advisable  to  consider  the  possible 
use  of  manganese-silicon  alloys  in  steel  making  in  both  acid  and 
basic  practice.  For  the  pmrposes  of  the  present  discussion  these 
alloys  will  be  divided  roughly  into  two  classes — ^high-grade  silico- 
manganese  containing  about  50  per  cent  manganese  and  25  per  cent 
silicon  and  low-grade  silicospiegel  with  about  15  to  20  per  cent  silicon 
and  30  to  35  per  cent  manganese  with  50  per  cent  iron.  The  manga- 
nese-silicon ratio  of  the  first  alloy  is  about  2  and  of  the  second  alloy 
2 J  to  IJ.  Each  of  these  alloys  would  be  made  from  the  silicious 
manganese  ores  of  California  and  Montana,  and  the  low-grade  alloys 
from  the  silicious  manganiferous  iron  ores  of  Minnesota. 

While  there  is  nothing  new  about  the  practice  of  using  manganese- 
silicon  alloys  in  steel  making,  it  may  be  well  to  review  some  of  the 
points  connected  therewith. 

It  is  understood  that  silicomanganese  has  been  used  fairly  exten- 
sively in  Europe,  and  in  this  country  it  was  used  at  certain  plants 
as  standard  practice  until  the  supply  was  cut  oflf  by  the  war.  Silicon-s 
is  always  an  efficient  reducing  or  settling  agent  when  used  in  the 
customary  small  amounts,  but  it  may  or  may  not  be  desirable  in 
the  finished  steel.  On  this  account  the  possibility  of  using  manga- 
nese-silicon alloys  depends  upon  the  amount  of  silicon  that  can  be 
tolerated  in  the  finished  steel  in  the  ingot  form.  In  certain  grades 
of  steel,  particularly  in  steel  that  must  be  welded,  silicon  should  be 
low  or  practically  absent.  In  steel  for  sheets  and  plates,  which 
must  give  a  good  finished  surface,  the  most  efficient  rolling-mill 
practice  requires  that  the  silicon  be  kept  tolerably  low;  but  it  is 
believed  that  0.10  to  0.15  per  cent  could  be  used,  provided  the  man- 
ganese content  were  not  too  high.  In  forging  steel,  high-carbon 
steels,  and  castings,  where  the  aim  is  to  produce  sound  steel,  more 
silicon  can  be  used,  or  between  0.20  and  0.35  per  cent.  Of  these 
three  fields  the  latter  is  the  one  in  which  manganese-silicon  alloys 
will  find  their  first  application.  In  the  second  field  it  seems  quite 
probable  that  conditions  (to  be  discussed  later)  will  many  times 
permit  their  use;  but  from  the  nature  of  things  manganese-silicon 
alloys  can  not  be  used  to  make  steels  of  the  first  group — those  that 
must  be  welded. 

ACID  PBACTICE. 

It  is  with  considerable  hesitation  that  the  discussion  of  manganese- 
silicon  alloys  in  open-hearth  practice  is  approached,  particularly  as 
the  controversial  character  of  many  of  the  points  is  so  clearly  rec- 
ognized. Consequently,  it  may  be  well,  at  the  outset,  to  state  briefly 
the  manner  in  which  the  writer  first  became  interested  in  the  possi- 
bilities of  their  use.    A  number  of  years  ago  the  writer  was  conducting 
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a  series  of  experiments  on  the  occurrence  and  identification  of  foreign 
inclusions  in  acid  open-hearth  steel,  principally  ordnance  steel.  In 
this  work  ferromanganese,  ferrosilicon,  and  a  mixture  of  ferroman- 
ganese  and  ferrosilicon  were  added  to  a  steel  sample  taken  shortly 
after  '^oreing^' — that  is,  to  "wild"  steel — ^in  an  attempt  to  produce 
an  excess  of  the  constituent,  or  constituents,  supposed  to  form  as  a 
result  of  the  addition. 

It  seemed  fairly  clear  as  a  result  of  this  work  that  the  use  of 
silicon  was  apt  to  be  dangerous,  not  on  account  of  any  harmful 
e£Peot  of  the  residual  metallic  silicon  but  because  it  produced  a  con- 
stituent (assmned  to  be  SiO,  or  at  least  a  highly  refractory  silicate) 
that  was  likely  to  remain  in  the  ingot  and  produce  hot  shortness. 
Hence  the  idea  was  suggested  that  a  manganese-silicon  alloy  might, 
and  probably  would,  form  a  manganese  silicate  containing  some  fer- 
rous oxide  (a  true  slag)  which- would  be  fluid  and  would  more  readily 
coalesce  into  larger  particles  than  SiO,  would,  and  therefore  free 
itself  more  readily  from  the  steel.  By  using  such  an  alloy  it  would 
then  be  possible  to  take  full  advantage  of  the  use  of  silicon  as  a 
deoxidizer  without  suffering  the  usual  attendant  disadvantages  of 
its  use.  None  of  the  manganese-silicon  alloy  was  available  at  the 
time  so  a  parallel  experiment  could  not  be  conducted. 

As  binary  alloys  are  known  to  be  generally  more  active,  or  pow- 
erful, than  the  weighted  sum  of  the  two  constituents  would  indicate, 
it  was  also  assumed  that,  aside  from  the  possibiUty  of  obtaining 
a  better  separation  of  the  insoluble  products  of  the  deoxidation 
process,  the  alloy  of  manganese  and  sihcon  would  prove  to  be  a  more 
powerful  reducing  agent  than  ferromanganese  and  ferrosilicon  used 
separately.  On  reflection,  the  thought  occurs  that  manganese  and 
silicon,  reacting  separately  with  FeO,  would  produce  the  oxides 
MnO  and  FeO  or  a  silicate  of  iron.  Manganese  and  silicon  reacting 
as  an  alloy  with  FeO  would  produce  a  silicate  of  manganese,  which 
may  or  may  not  form  a  double  silicate  with  FeO.  In  either  case  we 
would  expect  to  find  the  advantage  in  favor  of  the  manganese- 
sihcon  alloy. 

The  relative  weights  of  the  silioomanganese  and  of  the  mixture 
of  the  ferromanganese  and  ferrosilioon  will  be  ccmsidered  at  another 

place. 

Another  point  of  great  technical  importance  is  the  percentage 
recovery  of  manganese  when  added  as  silicomanganese  and  as  ferro- 
manganese along  with  ferrosilicon.  It  should  be  stated  that  a  100 
per  cent  recovery,  based  on  the  present  theory  of  "deoxidation," 
is  hardly  possible,  nor  is  it  desirable.  Such  recovery  would  mean 
retention  of  the  deoxidation  products,  to  be  determined  later  as 
metallic  manganese  and  silicon.  A  method  of  addition  that  would 
lead  to  satisfactory  deoxidation  and  yet  would  eliminate  the  loss 
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due  to  admixture  with  the  slag,  volatilization,  etc.,  and  could  be 
accomplished  with  the  TniniTnmn  amount  of  manganese,  would  be 
very  desirable  because  it  would  lead  to  both  conservation  of  man- 
ganese and  imiformity  of  composition  of  the  steel.  Conservation 
of  manganese  would  be  given  by  the  actual  percentage  recovery, 
and  xmiformity  of  composition  would  be  assimied  by  the  constancy 
of  the  percentage  recovery. 

Fortunately  the  writer  was  able  to  examine  records  of  heats  made 
with  silicomanganese  covering  a  period  of  several  years,  from  which 
some  fairly  satisfactory  conclusions  may  be  drawn  bearing  on  these 
points.  During  this  time  when  there  were  periods  when  the  silico- 
manganese alloy  was  not  available  and  a  mixture  of  ferromanganese 
and  ferrosilicon  had  to  be  substituted.  Thus,  direct  comparison  of 
these  two  methods  of  deoxidation  was  afforded.  Certain  results 
taken  from  the  heat  records,  and  believed  to  be  typical,  are  given  in 
Table  33  following.  Obviously,  figures  showing  the  variation  in 
heat  composition  and  the  average  manganese  recovery  of  several 
years'  practice  can  not  be  given  in  this  table.  The  records  them- 
selves clearly  show  greater  uniformity  for  the  silicomanganese  heats. 

Table  33. — Comparative  results  obtained  with  silicomanganese  and  toith  a  mixttire  oj 

ferromanganese  and  ferrosilicon  A 


Heat. 

PeSi. 

FeMn. 

SiMn. 

Total 
charge. 

c. 

Mn. 

Si. 

Mn. 

added. 

Mn.  recovered. 

A 

Lh. 
160 
215 
160 
160 
215 

Lb, 

300 

400 

310 

300 

400 

40 

35 

40 

40 

40 

Xft. 

"""■476* 
350 
470 
470 
420 

Lb. 

31,160 

40,765 

30,620 

30,910 

40,865 

41,010 

30,685 

40,960 

30,510 

36,760 

Perct. 
0.26 
.21 
.32 
.27 
.24 
.22 
.26 
.21 
.21 
.24 

Peret, 
0.56 
.67 
.63 
.70 
.72 
.58 
.60 
.61 
.66 
.68 

Perct, 
0.294 
.306 
.312 
.318 
.312 
.308 
.302 
.310 
.303 
.310 

Lh, 
240 
320 
248 
240 
320 
281 
214 
281 
281 
255 

Lh. 
174 
232 
193 
216 
294 
838 
184 
251 
267 
250 

Perct, 
12.  S 

B 

72.5 

C 

77.8 

D 

90.0 

E 

91.8 

F 

84.7 

o::::::::::;::::/! 

86.0 

H 

93.0 

T 

95.0 

J 

98.0 

a  Approximate  compositions:  Silicomanganese.  Mn  53  per  cent.  Si  20  per  cent;  ferromanganese,  Mn  80 
p«rG«nt;  ferrosllicoD,  81  50  per  cent.    Residual  mangftnese  was  neglected  In  calculating  reooverles. 

It  can  hardly  be  claimed  that  these  figures,  or  the  three  years' 
records  which  they  represent  with  reasonable  accuracy,  furnish  a 
truly  scientific  basis  for  comparison  of  the  two  alternate  practices, 
but  they  do  show  rather  convincingly  that  the  same  results  (Mn  and 
Si  contents  of  the  finished  steel),  by  using  silicomanganese  can  be 
obtained  with  consistently  smaller  amounts  of  both  manganese  and 
silicon,  as  compared  with  the  combination  of  ferromanganese  and 
ferrosilicon.  In  addition  there  is  the  advantage  of  more  uniform 
practice,  which  in  itself  woidd  warrant  smaller  additions.  The 
weights  of  the  additions  favor  the  silicomanganese;  thus  in  heats 
A,  C,  and  D,  460  pounds  was  added,  as  compared  with  385  pounds 
for  heat  G,  and  in  heats  B  and  E,  615  poun*ds  was  added,  as  compared 
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with  510  pounds  in  heats  F,  H,  and  I.  The  low  carbon  content  of 
the  silicomanganese  may  or  may  not  be  a  material  advantage,  but 
is  in  favor  of  the  single-alloy  addition  because  the  carbon  need  not 
be  worked  as  low  and  there  seems  to  be  less  danger  of  missing  the 
desired  carbon  content. 

ELECTB.IC-FTJBNACE   PBACTICE. 

No  infonnation  is  available  to  the  writer  bearing  on  the  use  of 
manganese-silicon  alloys  in  electric-furnace  practice,  but  we  may  at 
least  consider  such  practice  on  the  basis  of  the  known  behavior  of 
such  alloys.     Considering  acid  casting  practice  first,  there  seems  to 
be  no  reasonable  doubt  that  either  silicomanganese  or  sUicospiegel 
could  be  at  once  substituted  for  ferromanganese  and  ferrosilicon. 
Inasmuch  as  the  usual  aim  is  to  make  high-grade  castings,   the 
manganese-silicon  alloys  would  appear  to  have  the  distinct  advantage 
of   making   sounder   and    cleaner   steel.     Silicospiegel,    aside    from 
possessing  the  theoretical  advantage  of  being  diluted  with  iron,  could 
be  jnore  readily  prepared  with  the  correct  manganese-silicon  ratio 
so  as  to  eliminate  the  use  of  an  additional  alloy.     In  this  practice 
the  advantage  of  greater  dilution  need  not  carry  with  it  the  dis- 
advantage of  increased  weight  on  account  of  the  higher  temperature 
of  the  electric  furnace.     The  uncertainty  as  to  the  relative  behavior 
of  the  manganese-silicon  alloys  as  compared  with  that  of  the  ferro- 
alloys, and  the  relative  efficiencies  of  low-grade  and  of  high-grade 
alloys,  as  well  as  the  ^importance  of  this  step  in  the  manufacture  of 
steel,  suggest  the  advisability  of  conducting  a  definite  research  to 
settle  such  points.     It  would  seem  that  there  is  no  better  place  for 
such  a  research  than  in  this  particular  industry. 

In  basic  electric-furnace  practice  the  manganese-silicon  alloys,  on 
the  same  grounds,  could  likewise  be  utilized,  particularly  as  the 
attempt  is  always  to  produce  sound  and  clean  ingots.  However,  in 
this  practice,  ferrosilicon  is  used  as  a  reducing  agent  along  with 
coke,  and  hence  the  operator  would  probably  not  see  any  advantage 
in  changing  his  practice  in  favor  of  the  manganese-silicon  alloys. 

BASIC  OPEN-HEABTH  PBACTICE. 

The  amount  of  information  available  on  the  use  of  silicomanganese 
in  basic  open-hearth  practice  is  meager,  but  it  can  be  said  that 
silicomanganese  can  be  used,  probably  with  as  satisfactory  results 
as  with  ferromanganese  and  ferrosilicon.  Through  the  cooperation 
of  one  steel  plant  the  writer  was  able  to  follow  two  shell-steel  heats 
made  with  silicomanganese  which  was  added  to  the  ladle.  The 
residte  of  the  second  of  these  heats  are  given  here  to  show  what  was 
done.  To  11,100  pounds  of  molten  pig  iron  in  the  ladle  was  tapped 
122,340  pounds    (estimated)   of  steel   analyzing   0.09   per  centCi 
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with  510  poTinds  in  heats  F,  H,  and  I.  The  low  carbon  content  of 
the  silicomanganese  may  or  may  not  be  a  material  advantage,  but 
is  in  favor  of  the  single-alloy  addition  because  the  carbon  need  not 
be  worked  as  low  and  there  seems  to  be  less  danger  of  missing  the 
desired  carbon  content. 

ELECT^tlC-FTJBNACE   PBACTICE. 

No  infoiination  is  available  to  the  writer  bearing  on  the  use  of 
manganese-silicon  alloys  in  electric-furnace  practice,  but  we  may  at 
least  consider  such  practice  on  the  basis  of  the  known  behavior  of 
such  alloys.  Considering  acid  casting  practice  first,  there  seems  to 
be  no  reasonable  doubt  that  either  silicomanganese  or  silicospiegel 
could  be  at  once  substituted  for  ferromanganese  and  'ferrosilicon. 
Inasmuch  as  the  usual  aim  is  to  make  high-grade  castings,  the 
manganese-silicon  alloys  would  appear  to  have  the  distinct  advantage 
of  making  sounder  and  cleaner  steel.  Silicospiegel,  aside  from 
possessing  the  theoretical  advantage  of  being  diluted  with  iron,  could 
be  more  readily  prepared  with  the  correct  manganese-silicon  ratio 
so  as  to  eliminate  the  use  of  an  additional  alloy.  In  this  practice 
the  advantage  of  greater  dilution  need  not  carry  with  it  the  dis- 
advantage of  increased  weight  on  account  of  the  higher  temperature 
of  the  electric  furnace.  The  uncertainty  as  to  the  relative  behavior 
of  the  manganese-silicon  alloys  as  compared  with  that  of  the  ferro- 
alloys, and  the  relative  efficiencies  of  low-grade  and  of  high-grade 
alloys,  as  well  as  the  'importance  of  this  step  in  the  manufacture  of 
steel,  suggest  the  advisability  of  conducting  a  definite  reseiarch  to 
settle  such  points.  It  would  seem  that  there  is  no  better  place  for 
such  a  research  than  in  this  particular  industry. 

In  basic  electric-furnace  practice  the  manganese-silicon  alloys,  on 
the  same  grounds,  could  likewise  be  utilized,  particularly  as  the 
attempt  is  always  to  produce  sound  and  clean  ingots.  However,  in 
this  practice,  ferrosilicon  is  used  as  a  reducing  agent  along  with 
coke,  and  hence  the  operator  would  probably  not  see  any  advantage 
in  changing  his  practice  in  favor  of  the  manganese-silicon  alloys. 

BASIC  OPEN-HEABTH  PBACTICE. 

The  amount  of  information  available  on  the  use  of  silicomanganese 
in  basic  open-hearth  practice  is  meager,  but  it  can  be  said  that 
silicomanganese  can  be  used,  probably  with  as  satisfactory  results 
as  with  ferromanganese  and  ferrosilicon.  Through  the  cooperation 
of  one  steel  plant  the  writer  was  able  to  follow  two  shell-steel  heats 
made  with  silicomanganese  which  was  added  to  the  ladle.  The 
results  of  the  second  of  these  heats  are  given  here  to  show  what  was 
done.  To  11,100  pounds  of  molten  pig  iron  in  the  ladle  was  tapped 
122,340  pounds    (estimated)   of  steel   analyzing   0.09  per   centC, 
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0.12  per  cent  P,  0.15  per  cent  Mn,  0.033  per  cent  S,  and  0.02  per 
cent  Si.  At  the  same  time  1;000  pounds  of  silicomanganese  (50  per 
cent  Mn),  300  pounds  of  70  per  cent  ferromanganese,  12  pounds  of 
aluminum,  and  50  pounds  of  coal  were  added  to  the  ladle.  The  heat 
was  in  excellent  condition  and  the  ingots  had  smooth  even  tops  and 
displayed  no  superficial  action  or  evolution  of  gas.  The  final  analysis 
was  0.40  per  cent  C,  0.028  per  cent  P,  0.58  per  cent  Mn,  0.041 
per  cent  S,  and  0.21  per  cent  Si.  The  recovery  of  manganese,  assuimng 
the  entire  loss  to  come  from  the  alloy  added,  was  77.5  per  cent;  the 
recovery  of  silicon  was  65,1  per  cent.  Only  24  pounds  of  carbon,  or 
5  per  cent  of  the  total  was  lost.  In  the  first  heat,  which  was  thought 
to  be  more  highly  oxidized,  the  recovery  of  siUcon  was  only  58 
per  cent  while  the  recovery  of  manganese  was  only  slightly  less. 
These  results  indicate  that  silicon  protects  manganese  in  *' oxidized" 
heats. 
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FETBOLEUK  IHVESTIOATIOirS. 

The  work  of  the  petroleum  division  of  the  Bureau  of  Mines  during 
the  period  of  the  war  was  under  the  supervision  of  Chester  Naramorey 
chief  petroleum  technologist.  In  its  petroleimi  investigations  the 
bureau  cooperated  freely  with  other  Government  bureaus  and  acted 
as  a  source  of  information  on  petroleum  matters. 

COOFEBATIVE  WOBK  ON  INTEBALLIED  FETBOLETJM  COMMISSION. 

On  July  15,  1918,  Mr.  Naramore  and  W.  E.  Perdew,  chemical  en^ 
gineer  of  the  bureau,  left  for  London  to  act  as  representatives  of  the 
United  States  Fuel  Administration  and  the  United  States  Shipping 
Board  on  the  Inter-allied  Petroleum  Commission.  Numerous  con- 
ferences were  held  with  representatives  from  France,  England,  and 
Italy  on  specifications  and  requirements  of  the  various  allied  Govern- 
ments for  petroleum  products,  and  for  this  purpose  meetings  were 
held  in  London,  Paris,  and  Home. 

EXAMINATION  OF  PETROLEUM  FAdLmES  IN  FRANCE. 

The  storage  facilities  and  the  transportation  system  in  France 
were  studied,  and  recommendations  based  on  the  information  gained 
wejr e  made  to  the  director  of  the  oil  division  of  the  Fuel  Administra- 
tion and  to  the  chairman  of  the  Shipping  Board. 

Eefinery  plants  in  France  were  inspected,  as  well  as  filling  stations 
and  shipping  facilities  from  ports  in  France  and  Italy  to  the  various 
fronts  and  the  petroleum  base  of  the  American  Expeditionary  Force 
at  Romorantin,  France.  At  the  request  of  Ambassador  Sharp,  a  re- 
port was  prepared  on  the  advisability  of  developing  the  petroleum 
resources  in  France. 

AIRPLANE  FUELS. 

Conferences  were  held  with  the  various  officials  of  the  American 
Expeditionary  Force  regarding  airplane  fuels  and  lubricants.  A 
large  amount  of  data  was  collected  on  the  tests  conducted  by  the 
French  and  British  Governments  on  different  grades  of  gasoline  and 
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on  special  blends  for  airplane  fuel.  Various  French  laboratories  were 
inspected  to  ascertain  the  methods  used  in  testing  petroleum  prod- 
ucts for  airplane  engines. 

STUDY  OF  OIL-SHAI4E  INDUSTRY  IN  SCOTLAND. 

The  oil-shale  industry  in  Scotland  was  studied  with  a  view  to  de- 
termining the  practicability  of  applying  the  methods  used  .there  to 
the  treatment  of  oil  shales  in  the  United  States. 

SPECIFICATIONS  FOB  MOTO&  FUELS. 

The  petroleum  division  assisted  several  branches  of  the  United 

States  Government  in  drawing  up  specifications  for  the  purchase  of 

various  grades  of  motor  fuel.    Specifications  were  written  for  the 

Panama  Canal  and  for  both  motor  and  airplane  gasoline,  which  were 

.adopted  by  the  Panama  Canal  Commission. 

Specifications  for  three  grades  of  airplane  gasoline  for  the  use  of 
:the  United  States  Government  were  adopted  at  a  conference  held 
May  30,  1918,  at  the  office  of  Mark  L.  Requa,  director  of  the  oil  di- 
vision of  the  Fuel  Administration.  At  this  conference  Mr.  Naramore 
:and  Mr.  Perdew  represented  the  Bureau  of  Mines.  Largely  through 
.the  efforts  of  the  petroleum  division,  the  Atlantic  Eefining  Co.  agreed 
to  make  five  drums  of  fighting  gasoline,  the  first  gasoline  of  that 
^ade  to  be  made  in  this  country,  for  tests  at  the  Bureau  of  Stand- 
ards. Through  its  experience  in  making  this  sample,  the  Atlantic 
company  was  enabled  to  manufacture  fighting  gasoline  on  a  large 
scale  at  a  later  date.  This  company  is  the  only  one  in  the  United 
states  that  has  attempted  to  make  gasoline  that  would  meet  the  speci- 
fications for  the  fighting  grade. 

In  August,  1918,  an  Executive  order  authorized  the  establishment 
of  a  committee  on  the  standardization  of  specifications  for  petroleum 
products.  The  duties  of  this  committee  were  to  standardize  specifica- 
tions for  all  petroleum  products  used  by  Government  departments 
:and  to  make  suggestions  on  specifications  for  the  allied  governments. 
Shortly  after  the  organization  of  this  committee,  a  technical  sub- 
committee was  appointed  to  study  existing  specifications  and  to  make 
xecommendations  to  the  general  committee.  The  Bureau  of  Mines 
was  represented  on  the  general  committee  by  C.  H.  Beal,  petroleum 
technologist,  and  on  the  subcommittee  by  H.  H.  Hill,  assistant  chem- 
ist. Later  Mr.  Beal  was  transferred  to  San  Francisco  and  Mr.  Hill 
represented  the  bureau  on  both  committees.  Also  Mr.  Hill  acted  in  an 
:advisory  capacity  to  the  Inter- Allied  Conference  at  its  meetings,  held 
in  this  country,  on  specificatu)Q& 
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of  fuel  oil,  kerosene,  long-time  burning  oil;  signal  oil,  and  ^  mineral 
seal  oil,"  and  is  considering  specifications  for  lubricants,  particularly 
those  used  by  the  Eailroad  Administration. 

The  investigations  relating  to  specifications  for  petroleum  products 
were  conducted  by  Messrs.  Naramore,  Perdew,  Hill,  and  Beal. 

INVESTIGATIONS  OF  AIBPLANE-MOTOB  FUELS. 

About  August  2,  1917,  the  bureau  arranged  to  cooperate  with  the 
Aviation  Section  of  the  Signal  Corps  in  studying  fuels  for  airplane 
engines.  Information  collected  through  visits  to  a  number  of  avia- 
tion fields,  by  conferences  with  organizations  testing  airplane  motors, 
and  by  correspondence  indicated  that  no  reliable  data  were  available 
regarding  the  proper  fuel  for  aviation  motors.  This  work  was  done 
by  E.  W.  Dean,  petroleum  chemist. 

I'ESTS  WITH  DIFFERENT  FUELS  AND  ENGINES. 

• 

The  bureau  arranged  with  the  engineers  at  Langley  field  to  make 
some  actual  flying  tests  to  ascertain  the  advantages  of  certain  grades 
of  gasoline.  Flying  tests  with  Curtis  training  planes,  indicated  that 
plain  ''motor''  gasoline •ga've  as  good  results  as  a  ''high  test"  Penn- 
sylvania product.  The  Italian  fliers  at  Langley  reported,  however, 
that  their  engines  tended  to  overheat  when  "motor"  gasoline  was 
used.    The  tests  were  made  by  C.  Netzen,  chemical  engineer,  and 

E.  W.  Dean. 

Atter  it  was  seen  that  the  problem  was  what  increase  in  efficiency 

would  be  possible  through  improved  design  if  the  fuel  were  better,  an 

arrangement  was  made  with  the  officials  of  the  McCook  aviation  field 

and  with  the  reseach  organization  of  the  Dayton-Wright  Airplane 

Co.  to  cooperate  in  thorough  tests  of  different  engines  and  ^rasolines. 

This  work  included  tests  with  a  small  air-cooled  high-compression 

engine,  tests  with  a  single-cylinder  high-compression  Liberty  engine, 

the  preparation  of  special  fuels  (including  cyclohexane),  flying  tests 

at  the  Dayton- Wright  and  Wilbur  Wright  fields  with  De  Haviland 

airplanes  equipped  with  Liberty  motors,  and  tests  in  the  altitude 

chamber  of  the  Bureau  of  Standards. 

Many  interesting  and  important  facts  were  learned.  The  general 
conclusion  was  that  a  mixture  of  70  per  cent  cyclohexane  and  30  per 
cent  benzol  (so-called  "hecter")  seemed  the  most  desirable  for  use 
in  fighting  airplanes.  This  fuel  permitted  the  use  of  engines  having 
compression  ratios  as  high  as  7.5  to  1,  which  applied  to  the  Liberty 
motor  would  develop  perhaps  10  per  cent  more  power. 

The  cessation  of  hostilities  prevented  the  deVelot>ment  of  commer- 
cial cyclohel^iile  plants.  Flying  testis  at  th^  Wilbur  Wright  field, 
completed  after  the  signing  of  the  armistice,  showed  that  the  use  of 


.«i*4 


66  WAB  WOBK  OF  THE  BTJBEAU  OF  MINES. 

a  high-compression  motor  with  cyclohexane  as  fuel  gave  a  standard 
De  Haviland  Na  4  airplane  a  fnll  thoosond  feet  es^tra  of  ^  ceilmg  "* 
(maximum  flying  altitude) . 

The  inyestigation  of  aviation  gasoline  was  conducted  chiefly  by 
Clarence  Netzen  and  J.  P.  Smootz,  assistant  petroleum  technologists. 

OOOFBRATIVB  TESTS  WITH  BUREAU  OF  STANDARDS. 

It  was  realized  soon  after  this  country  entered  the  war  that  ordi- 
nary motor  gasoline  waanot  suitable  for  use  in  airplanes,  particularly 
at  high  altitudes.  The  Bureau  of  Standards  constructed  an  altitude 
chamber  for  testing  airplane  engines  under  conditions  similar  to  those 
encountered  at  various  altitudes  from  sea  level  to  30,000  feet.  Different 
types  of  fuels  were  tested  to  determine  which  were  most  satisfactory 
at  high  altitudes.  The  Bureau  of  Mines  cooperated  by  collecting 
samples  of  various  grades  of  gasoline,  special  fuel  miictures,  and 
close-cut  gasoline.  In  April  and  May,  1918,  arrangements  were  made 
with  the  Atlantic  Refining  Co.  and  the  Union  Oil  Co.  of  California 
to  make  special  close-cut  gasoline  with  a  boiling  range  of  10°  C.  if 
possible.  A  special  fuel  was  made  from  absolute  alcohol  and  gasoline^ 
the  absolute  alcohol  and  a  blend  of  gasoline  and  benzol  being  prepared 
in  the  Washington  laboratory  of  the  Bureau  of  Mines.  All  the  fuels, 
about  100  samples,  tested  by  the  Bureau  of  Standards  in  airplane  en- 
gines were  submitted  to  distillation  tests  in  that  laboratory.  W.  E. 
Perdew  collected  the  samples ;  C.  P.  Bowie  and  M.  J.  Gavin,  assistant 
refinery  engineers,  assisted  in  obtaining  gasoline  cuts  from  the  Union 
OU  Co.  of  California. 

ADVICE  ON  GASOULNE  PROBI^EMS. 

Considerable  time  was  spent  in  advising  the  oil  division  of  the 
Fuel  Administration  on  problems  particularly  relating  to  tests  and 
manufacture  of  gasoline.  At  the  request  of  Mr.  Requa,  director  of 
the  oil  division,  a  report  was  prepared  on  the  potential  production  of 
airplane  gasoline  in  the  United  States.  This  report,  made  by  H.  H. 
Hill  with  the  assistance  of  E.  W.  Dean  and  J.  P.  Smootz,  showed 
that  the  maximum  estimated  requirement  could  be  met  if  the  use 
of  gasoline  for  motor  cars  was  restricted. 

SUPPLEMENTARY  INVESTIGATIONS  IN  CONNECTION  WITH  AIRPLANE  FUELS. 

In  some  airplane  engine  tests  at  the  McCook  field  aluminum  pis- 
tons were  seriously  corroded.  Investigation  showed  that  the  corro- 
sion was  not  caused  by  impurities  in  the  fuel  and  could  be  con- 
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Two  samples  of  German  airplane  gasoline,  analyzed  at  the  Pitts- 
burgh laboratory  of  the  bureau  by  H.  H.  Hill,  proved  to  be  petroleum 
gasoline,  carefully  refined. 

Samples  of  gasoline  from  Borneo  and  from  Sumatra  were  found  to 
be  suited  for  aviation  fuel.  The  analyses  were  made  by  Mr.  Hill 
and  by  N.  A.  C.  Smith,  assistant  petroleum  chemist. 

INSPECTION  OF  OVEBSEAS  SHIPMENTS  OF  GASOLINE. 

In  the  latter  part  of  July,  1918,  a  report  was  received  in  this 
country  that  some  gasoline  shipped  in  May,  1918,  had  given  trouble 
in  airplane  engines  in  France,  and  that  the  loss  of  a  number  of 
planes  had  been  attributed  to  its  use.  In  a  letter  dated  August  1, 
1918,  Col.  U.  G.  Lyons,  of  the  Fuel  and  Forage  Division  of  the  War 
Department,  requested  the  Bureau  of  Mines  to  furnish  inspectors  for 
testing  all  shipments  of  gasoline. 

Details  were  arranged  at  a  conference  between  Col.  Lyons  and 
H.  H.  Hill  in  New  York,  August  26, 1918.  C.  R.  Bopp  was  assigned 
to  the  task  and  spent  practically  his  entire  time  from  August  25  to 
December  1, 1918,  inspecting  shipments  of  gasoline  for  service  over- 
seas, from  the  Atlantic  Refining  Co.,  Philadelphia;  Gulf  Refining 
Co.,  Phikdelphia ;  and  the  Standard  Oil  Co.  of  New  Jersey;  and  the 
Tidewater  Oil  Co.,  Bayonne,  ISf.  J.  Mr.  Bopp  inspected  shipments 
representing  S^OOO^OOO  gallons  of  motor  gasoline,  2,600,000  gallons  of 
export  aviation  gasoline,  and  725,000  gallons  of  fighting  gasoline. 
W.  G.  Hiatt  inspected  at  Gulf  ports  55,000  barrels  of  motor  gasoline 
for  the  American  Expeditionary  Forces. 

EVFECISK CY  TK  BECOVE&T  OF  OASOUNB  TBLOM  KATUBAL  GAS. 

The  attention  of  oil  men  was  called  to  the  feasibility  of  treating 
natural  gas  of  any  gasoline  content,  however  small,  at  any  pressure 
by  the  absorption  process.  As  tests  of  the  residual  gases  from  com- 
pression plants  showed  incomplete  recovery  of  gasoline  vapors,  the 
bureau  pointed  out  that  the  gasoline  in  the  residual  gas  can  be  saved 
at  small  cost  by  an  auxiliary  absorption  unit. 

Through  the  bureau's  efforts  companies  recovering  gasoline  from 
natural  gas  by  compression  have  come  to  realize  the  waste  of  gaso- 
line in  the  gases  discharged  from  water-cooled  coils,  and  have  put  in 
compression  or  absorption  units  to  save  this  gasoline.  The  average 
loss  in  the  gas  being  discharged  from  the  plants  examined  was  about 
0.3  gallon  per  1,000  cubic  feet.  In  one  plant  the  adoption  of  recom- 
mendations by  bureau  engineers  effected  a  saving  equivalent  to  $120 
a  dajf. 

The  investigations  of  absorption  and  compression  plants  were  con- 
ducted by  W.  P.  Dykema,  assistant  petroleum  engineer,  aided  by 
B.  O.  Neal,  assistant  chemical  engineer. 
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COLLECTION  AND  DISSEMINATION  OF  DATA  ON  THE  BEFINEBT 

USTDTJSTRY. 

In  the  fall  of  1917  maps  showing  the  oil  fields  of  the  United  States^ 
storage  centers,  refinery  capacity,  and  consumption  statistics  were 
prepared  for  the  Fuel  Administration  by  H.  F.  Mason,  petroleum 
economist. 

During  the  suniiuer  of  1917  a  census  of  the  refineries  of  the  United 
States  was  made  in  order  to  determine  the  status  of  the  refining  in- 
dustry, and  to  furnish  the  War  and  Navy  Departments  with  reliable 
information  as  to  the  consumption  of  crude  oil  and  the  output  of  gaso- 
line, kerosene,  and  other  products.  Practically  every  refinery  was 
visited.  The  figures  thus  obtained  were  grouped  according  to  dis- 
tricts in  a  report  compiled  at  the  Washington  office.  Messrs.  Bowie, 
Tough,  Beal,  Wadsworth,  Netzen,  Hill,  Jacobs,  and  Wiggins  were  en- 
gaged in  this  work. 

After  the  United  iStates  Fuel  Administration  was  established,  the 
petroleum  division  of  the  Bureau  of  Mines,  by  request,  continued  to 
compile  monthly  statistics  of  the  refining  industry.  The  work  was  in 
charge  of  Mr.  Mason. 

On  account  of  the  value  of  petroleum  coke  in  the  electrode  business 
and  in  the  production  of  caustic  soda  and  chlorine,  a  census  of  the 
manufacturers  and  the  production  of  that  commodity  was  made  by 
Mr.  Mason  in  December,  1917. 

On  account  of  the  possible  shortage  of  ammonia  during  the  sum- 
mer of  1918,  estimates  were  prepared  by  Mr.  Mason,  in  May,  1918, 
for  the  Fuel  Administration,  as  to  the  amount  of  anmionia  the  oil 
refineries  would  need  for  the  year.  Mr.  Mason  made  a  similar  in- 
vestigation of  the  sulphuric  acid  used  in  the  oil-refining  industry  for 
the  first  seven  months  of  1918.  Also,  he  prepared  other  special  re- 
ports for  the  Fuel  Administration. 

In  September,  1917,  a  report  on  the  supply  of  fuel  oil  available  foi 
naval  purposes  was  prepared  for  the  Shipping  Board  by  J.  H.  Wig- 
gins. A  report  was  prepared  in  cooperation  with  members  of  the 
United  States  Geological  Survey  for  the  Council  of  National  Defense, 
giving  a  resume  of  the  condition  of  the  petroleum  industry  during 
April  and  May,  1917,  especially  as  regards  the  supply  of  and  the 
demand  for  crude  petroleum. 

A  map  and  report  showing  the  gasoline  storage  facilities  in  the 
United  States  was  prepared  for  the  Signal  Corps  in  August,  1918, 
by  Mr.  Wiggins.  He  also  prepared  a  report  for  the  War  Department 
in  February,  1918,  giving  comparative  data  on  costs,  labor,  eta,  for 
transporting  gasoline  by  pipe  line  and  tank  car  in  France. 

In  March,  1918,  a  map  showing  the  oil  fields  of  the  world  and  their 
production  was  prepared  for  the  United  States  Fuel  Administration 
by  A.  W.  Ambrose. 
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In  January,  1918,  C.  H.  Beal  and  A.  W.  Ambrose,  in  cooperation 
with  members  of  the  Geological  Survey,  prepared  for  the  Shipping 
Board  a  report  dealing  with  the  need  for  Mexican  oil  in  this  country, 

ESTIMATING   FUTUBE   PBODUGTION   OF    OIL   AND   GAS,   ANI> 
APPLICATION  TO  WAB  REVENUE  TAXATION. 

Three  months  were  spent  in  cooperative  work  with  the  Bureau  of 
Internal  Revenue  on  methods  for  estimating  depletion  charges  in 
determining  excess  profits  and  income  taxes  for  oil  and  gas  properties. 
Because  of  the  difficulties  involved,  no  satisfactory  method  had  been 
worked  out  and  no  final  settlement  of  taxes  on  oil  and  gas  properties 
liad  been  made  for  three  years.  The  method  adopted  by  the  Bureau 
of  Internal  Revenue  was  based  on  the  methods  devised  by  C.  H.  Beal 
and  J.  O.  Lewis,  petroleum  engineers  of  the  Bureau  of  Mines.  Mr^ 
Lewis  had  charge  of  the  compilation  of  curves  and  data  for  the  Mid- 
Continent  oil  fields,  and  Mr.  Beal  for  the  fields  of  California.  A. 
R.  Elliott  assisted  in  compiling  curves  for  the  report.  The  principles 
adopted  should  benefit  the  petroleum  industry  and  enable  the  Treas- 
ury Department  to  compute  depletion  allowances  by  an  easy  and 
equitable  method. 

During  1918,  reports  were  prepared  from  time  to  time  for  the 
Capital  Issues  Conmiittee  on  the  issuance  of  stock  by  oil  companies. 
For  many  of  the  properties  a  detailed  field  investigation  and  a 
thorough  search  of  all  available  literature  were  required.  Messrs. 
Dykema,  Beal,  and  Ambrose  conducted  this  work. 

ESTIICATE  OF  COST  OF  GAS  FOB  NAVAL  ORDNANCE  PI4ANT. 

The  Navy  Department  requested  the  United  States  Geological  Sur- 
vey to  prepare  a  report  on  the  amount  of  gas  available  for  the  armor- 
plate  plant  to  be  constructed  at  Charleston,  W.  Va.,  and  asked  the 
Bureau  of  Mines  to  estimate  the  cost  of  producing  the  gas  and  of 
piping.  The  request  to  the  Bureau  of  Mines  was  made  about  Novem- 
ber 10,  1917,  by  Rear  Admiral  Ralph  Earle,  chief  of  the  Bureau  of 
Ordnance  of  the  Navy. 

A  detailed  estimate  was  made  of  the  cost  of  drilling,  of  laying 
pipe,  and  of  installing  a  compression  plant  for  gas  from  the  proper- 
ties described  by  the  Geological  Survey,  the  cost  of  the  gas  being^ 
based  on  the  survey's  estimate  of  the  volume.  The  report  was  mad& 
Dex^ember  18, 1918,  by  Messrs.  Wiggins  and  Dykema. 

In  September  and  October,  1918,  at  the  request  of  the  Secretary 
of  the  Navy,  through  Rear  Admiral  Earle,  a  report  was  made  by 
R»  V.  Mills,  petroleum  technologist,  and  A.  R.  Elliott^  assistant  engi- 
neer, on  the  gas  property  from  whioh  it  was  proposed  to  furnish  gas 
to  the  naval  ordnance  plant  near  Charleston. 
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VALUATION  OF  OIL  PBOPEBTIES  IN  THE  NAVAL  PETBOLEUM 

BESEBVES. 

In  a  letter  dated  January  18,  1918,  Hon.  Scott  Ferris,  chairman 
of  the  House  Public  Lands  Committee,  requested  Secretary  Lane  to 
supply  certain  information  on  the  petroleum  industry.  One  of  the 
most  important  and  difficult  questions  asked  was  the  value  of  the 
oil  properties  in  the  naval  reserves.  The  information  was  compiled 
during  February,  1918.  The  appraisal  of  the  lands  was  made  by 
Messrs.  Beal  and  Ambrose. 

EFFICIENCY  IN  DEVELOPMENT  OF  CAUFOBNIA  OIL  FIELDS. 

At  the  request  of  the  Fuel  Administration  an  investigation  was 
made  to  determine  the  possibility  of  maintaining  and  of  increasing 
the  production  of  oil  in  California  by  drilling  promiscuously,  as  in 
the  past,  and  by  drilling  at  selected  locations,  without  encroaching 
upon  the  naval  petroleum  reserves.  At  that  time  the  outlook  was 
that  the  production  of  oil  in  California  would  have  to  increase  to 
meet  the  war  demand,  and  the  only  practicable  way  of  doing  this  was 
to  drill  in  selected  localities  where  tlie  maximum  amount  of  oil  could 
be  obtained  with  the  least  labor  and  cost. 

The  work  was  done  during  April  and  May,  1918,  by  Messrs.  Beal 
and  Ambrose,  with  the  assistance  of  E.  E.  CoUom,  chief  deputy  State 
oil  and  gas  inspector  of  the  CalifomiA  State  Mining  Bureau. 

CENSirS  OF  OIL-WELL  CASING. 

The  War  Trade  Board  requested  the  Bureau  of  Mines  to  furnish 
information  as  to  whether  exports  of  oil-well  casing  should  be  re- 
stricted. A  census  of  the  amount  of  casing  in  reserve  in  the  different 
oil  fields  of  the  country  was  begun  about  December  20,  1918,  and 
lasted  until  February  1,  1919.  Oil-pipe  companies  gave  information 
as  to  past  and  probable  future  demand,  past  and  estimated  future 
production,  and  amount  on  hand  of  all  kinds  of  casing.  A  careful 
study  of  the  foreign  oil  fields  was  included  as  it  was  necessary  to 
provide  pipe  for  those  fields  that  were  supplying  petroleum  to  the 
allied  nations.    Mr.  Ambrose  was  in  charge  of  this  work. 

ECONOMY  IN  USE  OF  OIL  FtTELS. 

Various  problems  in  connection  with  oil-fuel  economies  were  in- 
vestigated for  the  western  division  of  the  Fuel  Administration.  A 
number  of  fuel-saving  devices  were  examined^  such  as  burners,  car- 
buretor attachments,  gages  for  small  oil  tanks  in  buildings,  and  gas 
radiators.  Twenty-five  boiler  plants  a;bout  San  Francisco  Bay  and 
226  power  plants  in  California  using  fuel  oil  were  inspected  and 
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recommendations  made  that  effected  a  saving  of  5  to  25  per  cent  at 
each  plant.  Demonstrations  were  given  at  San  Francisco  of  the  use 
of  powdered  coal  as  a  substitute  for  oil  fuel.    This  work  was  done  by 

C.  P.  Bowie  of  the  bureau,  who  acted  as  technical  adviser  of  the  west- 
ern division,  and  by  J.  M.  Wads^vvorth,  petroleum  engineer  of  the 
bureau,  who  served  as  State  administrative  engineer  for  the  Cali- 
fornia Fuel  Administration. 

The  Bureau  of  Mines,  in  cooperation  with  the  National  Automo- 
bile Chamber  of  Commerce  and  the  Council  of  National  Defense  dis- 
tributed copies  of  a  poster  showing  how  gasoline  is  wasted  and  giving 
instructions  for  preventing  waste. 

TESTS  OF  FUEL  OIL  MIXED  WITH  POWDEBED  GOAL. 

From  May  1  to  June  1, 1918,  cooperative  tests  of  colloidal  fuel  oil 
were  conducted  for  the  Submarine  Defense  Association  of  America. 
The  fuel  was  composed  of  Navy  fuel  oil  so  mixed  with  powdered  coal 
as  to  retain  the  coal  in  suspension.  The  tests  were  made  on  the 
U.  S.  S.  Gem  by  Messrs.  Wadsworth  and  Perdew. 

P&OSFBCTINO  FOB  OIL  IN  THE  BBITISH  ISLES. 

In  cooperation  with  the  British  Government,  through  its  agents, 
Pearson  &  Son,  the  Bureau  of  Mines  selected  drillers  and  drilling 
material  for  prospecting  for  oil  in  the  British  Isles.  The  cooperative 
work  was  conducted  chiefly  by  C  H.  Beal,  A.  W.  Ambrose,  V.  L. 
Conaghan,  and  M.  A.  La  Velle^  Messrs.  Conaghan  and  La  Velle,  ex- 
pert drillers  of  the  Bureau  of  Mines,  leaving  the  service  of  the 
bureau  to  take  charge  of  the  drilling  work. 

UTILIZATION  OF  OIIr43HALiB8. 

In  July,  1917,  W.  E.  Perdew,  in  a  trip  through  the  oil-shale  fields 
of  Colorado  and  Utah,  collected  information  on  the  companies  organ- 
ized, the  proposed  methods  of  retorting,  and  details  of  some  special 
types  of  retorts.  Samples  of  shale  from  various  districts  in  this 
country  were  tested  for  tlieir  oil  content.  Mr.  Pwdew  also  compiled 
a  resume  of  the  oil-shale  industry.  The  work  on  oil  shale  was  con- 
tinued  by  M.  J.  Gavin  and  W.  D.  Bonner.    Under  supervision  of 

D.  T.  Day,  consulting  chemist  of  the  bureau,  a  retorting  plant  is  in 
process  of  construction  at  Elko,  Nev.  The  funds  for  erecting  the 
plant  have  been  provided  by  the  Southern  Pacific  Co. 

PROTECTION  OF  OIL  AND  GAS  IN  MID-CONTINENT  FIELDS. 

Work  to  prevent  waste  of  oil  and  gas  became  of  vital  importance 
in  war  time.  Much  effort  was  spent  on  introducing  methods  for  pro- 
tecting oil  and  gas  sands  by  mudding  and  cementing,  and  in  assisting 
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operators  in  difficult  drilling  jobs.  Particularly  valuable  results  were 
obtained  in  the  Cushing  field,  Oklahoma,  where  the  production  of  oil 
was  increased  several  thousands  of  barrels  daily  by  excluding  water 
from  the  wells  with  cement  on  the  reconmiendations  of  A.  A.  Ham- 
mer and  B.  H.  Scott.  In  the  Butler  County  field,  Kansas,  where 
water  threatened  to  cause  much  damage,  the  bureau's  engineers  ren- 
dered timely  assistance.  Also,  an  educational  campaign  was  con- 
ducted to  arouse  producers  and  call  their  attention  to  methods  for 
preventing  oil  and  gas  sands  from  being  flooded.  The  use  of  cement 
to  shut  off  bottom  water  materially  increased  the  production  of  many 
oil  wells  in  Kansas  and  Oklahoma.  This  work  was  conducted  by 
A.  A.  Hammer,  B.  H.  Scott,  H.  R.  Reuch,  J.  O.  Lewis,  F.  B.  Tough, 
and  Thomas  Curtin. 

A  similar  investigation  of  the  water  problems  in  the  Illinois  fields 
was  conducted  in  cooperation  with  the  State  geological  survey  during 
fiix  months,  April  to  September,  1918.  In  a  well  repaired  according 
to  the  reconmiendations  of  the  bureau  engineers,  the  flow  of  water 
decreased  to  less  than  one-third  and  the  settled  production  of  oil  more 
than  doubled.  As  a  common  valuation  of  settled  production  in  lUi- 
tiois  is  $2,000  a  barrel  of  daily  output,  the  value  of  this  property  was 
increased  by  about  $20,000. 

The  work  was  done  by  F.  B.  Tough,  assisted  by  Frank  Madden, 
of  the  Bureau  of  Mines,  and  by  M.  L.  Nebel,  assisted  by  S.  W.  Wil- 
liston,  of  the  State  geological  survey. 

:EXAMINATI0N  of  the  SAT«T  CKEEK  field,  WYOIONG. 

In  September,  1918,  the  Secretary  of  the  Interior  requested  the 
Bureau  of  Mines  to  examine  the  Salt  Creek  oil  field  of  Wyoming. 
F.  B.  Tough  and  B.  H.  Scott,  of  the  bureau,  spent  a  month  in  that 
field  and  prepared  a  preliminary  report,  which  showed  that  present 
methods  of  drilling  and  producing  are  wasteful.  They  suggested 
means  of  checking  the  waste  and  recommended  that  steps  be  taken  to 
safeguard  the  equity  that  the  Government  has  in  the  field. 

MISCELIiANEOirS  LABOBATOBT  TESTS  AND  ANALYSES. 

Fuel  oil  used  by  the  War  Department  at  the  Watertown  Arsenal, 
Watervliet  Arsenal,  Fort  Sill,  and  Panama  is  purchased  on  specifica- 
tions. Samples  of  the  conagnments  received  are  analyzed  at  the  bu- 
reau's petroleum  laboratory  at  Pittsburgh.  During  1917  and  1918, 
samples  representing  purchases  of  more  than  $1,000,000  were  an- 
alyzed. 

At  the  request  of  the  Ordnance  Department  of  the  Army,  the  Bu- 
reau of  Mines  inspected  the  wash  oil  used  at  certain  toluene  recovery 
plants.    About  15  samples  were  examined,  the  work  being  done  prin- 
ipally  by  N.  L.  Shoop,  D.  C.  Dunn,  and  N.  A.  C.  Smith. 
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While  in  London,  Mr.  Xaramore  was  requested  to  obtain  informa- 
tion concerning  the  available  supply  of  American  fuel  oil  that  would 
meet  British  Admiralty  specifications,  which  are  more  exacting  than 
those  of  the  American  Navy.  Tests  conducted  at  the  Pittsburgh  pe- 
troleum laboratory  showed  that  practically  all  distillates  and  some 
residuum  fuel  oils  would  meet  the  British  viscosity  requirement  The 
laboratory  investigation  was  undertaken  by  J.  P.  Smootz  and  N.  A.  C. 
Smith. 

Some  experiments  were  conducted  by  H.  H.  Hill  at  the  Pittsburgh 
petroleum  laboratory  for  the  American  University  station  to  ascer- 
tain the  best  oil  for  saturating  Army  blankets  to  be  used  as  screens  to 
exclude  poison  gases  from  dugouts. 

During  the  summer  of  1917,  25  samples  of  emulsified  lubricating 
oil  from  the  Washington  Navy  Yard  were  analyzed  and  tested  for 
viscosity  and  water  content  by  J.  P.  Smootz,  N.  L.  Shoop,  and  N.  A.  C. 
Smith. 

Various  preparations  alleged  to  increase  the  efficiency  of  gasoline 
were  tested  and  found  to  be  worthless.  This  work  was  done  chiefly 
by  Clarence  Netzen,  H.  H.  Hill,  and  C.  R.  Bopp. 

Various  products  that  were  claimed  to  be  satisfactory  substitutes 
for  motor  gasoline  were  analyzed  and  engine  tests  of  some  of  them 
were  made.  The  analyses  were  made  by  E.  W.  Dean,  H.  H.  HiU, 
and  C.  R.  Bopp. 

Among  devices  tested  by  the  bureau  which  had  been  offered  the 
Government  for  the  duration  of  the  war  were  the  Swan  process  for 
reclaiming  waste  crank-case  oils,  the  Armstrong-Godward  vaporizer, 
and  a  so-called  motor  perfector,  the  last  two  being  designed  to  in- 
crease the  efficiency  of  gasoline. 

Mr.  Perdew  investigated  the  Swan  process  for  the  bureau  and  made 
a  favorable  report.  The  bureau  recommended  the  adoption  of  the 
process  to  the  Council  of  National  Defense,  and  later  to  the  French 
Scientific  Commission  during  its  visit  to  Washington.  The  process 
was  put  into  use  by  the  French  Government. 

The  Armstrong-Godward  device  was  designed  to  vaporize  the  gaso- 
line-air mixture  delivered  by  a  metering  carbureter.  After  mechani- 
cal developments  had  been  in  progress  about  a  year  the  device  was 
pronounced  ready  for  final  tests  at  the  Bureau  of  Standards.  These 
tests  had  not  been  completed  in  November,  1918.  The  investigation 
was  conducted  by  C.  Naramore,  E.  W.  Dean,  W.  E.  Perdew,  and  E.  F. 
Hewitt,  consulting  engineer. 

Tests  made  by  W.  A.  Jacobs  in  August,  1917,  at  Waukesha,  Wis., 
of  the  "  motor  perfector,"  a  device  for  adding  moisture  to  the  gaso- 
line-air mixture  in  a  carbureter,  indicated  that  it  was  no  better  than 
others  already  on  the  market. 
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CBACKIHa  OF  OUfi. 

Experiments  in  cracking  oil  from  the  Hmnble  field,  Texas,  showed 
that  the  distillates  were  suitable  for  the  manufacture  of  gasoline  by 
cracking  processes.  The  experiments  were  made  in  May  and  June, 
1918,  by  W.  A,  Jacobs  and  D.  C.  Dunn. 

In  May,  1918,  through  an  arrangement  with  the  Gasoline  Corpora- 
tion, which  controls  the  Greenstreet  cracking  process,  six  engineers  of 
the  petroleum  division  witnessed  a  series  of  test  runs  with  the  process 
at  a  plant  in  East  St.  Louis,  111. 

BCFLE    COBBOSZON    PBOBLEXa 

At  the  suggestion  of  Gen.  Ainsworth,  United  States  Army,  re- 
tired, the  petroleum  division  of  the  bureau  studied  the  causes  of  cor- 
rosion in  Army  rifles  after  being  cleaned.  A  number  of  preparations 
designed  to  prevent  corrosion  with  a  single  cleaning  were  collected 
and  analyzed.  Results  of  firing  tests,  made  in  cooperation  with  the 
Pittsburgh  division  of  the  Ordnance  Office,  have  been  negative,  as  no 
signs  of  corrosion  have  appeared.  The  rifles  were  stored  in  a  dry 
room  after  cleaning,  and  failure  to  develop  af tercorrosion  may  have 
been  due  to  this  cause.  The  investigation  is  being  continued.  The 
tests  were  made  by  H.  H.  Hill,  W.  A.  Jacobs,  and  N.  A.  C.  Smith. 

TESTS  OF  THE  DUNN  TBENCH  HEATEB. 

Tests  for  the  War  Department  of  the  Dunn  oil  heater  showed  that 
the  heater  had  some  advantages  over  the  regulation  Army  stove  for 
heating  tents.  C.  R.  Bopp  supervised  the  tests,  which  were  made  at 
the  War  College  Barracks,  Washington,  D.  C,  June  96  and  27, 1918. 
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One  of  the  great  scientific  and  technical  triumphs  resulting  from 
the  application  of  exact  knowledge  and  inventive  genius  to  problems 
of  military  importance  has  been  the  large-scale  production  of  helium, 
making  this  hitherto  exceedingly  rare  gas  available  for  use  in  bal- 
loons and  dirigibles.  The  following  account  of  the  bureau's  work  in 
connection  with  helium  was  prepared  by  Dr.  Andrew  Stewart. 

DISCOVEBT  OF  HELIT7M. 

During  the  solar  eclipse  of  August  18, 1868,  P.  J.  C.  Janssen  noted 
in  the  solar  chromosphere  a  bright  yellow  line  near  to  but  not  identi- 
cal with  the  Di  and  D,  lines  of  sodium.  Frankland  and  Lockyer  called 
the  line  D,  and,  as  it  was  referable  to  no  known  terrestrial  substance, 
ascribed  it  to  a  hypothetical  element  which  they  called  helimn^  from 
the  Greek  word  heliosy  the  sun. 

In  1889,  Dr.  W.  F.  Hillebrand,  of  the  United  States  Geological  Sur- 
vey, reported  in  the  American  Journal  of  Science  that  in  analytical 
work  on  uraninite,  which  he  began  in  1888,  he  had  obtained  up  to  2^ 
per  cent  by  weight  of  a  peculiar  gas  by  treating  the  mineral  with  non- 
oxidizing  inorganic  acids.  This  gas  had  the  characteristics  of  nitro- 
gen, yet  was  different  from  any  nitrogen  known,  and  was  thought 
by  Hillebrand,  on  purely  negative  grounds,  to  be  some  allotropic 
form  of  that  element.  Lack  of  proper  equipment,  however,  pre- 
cluded any  further  researches  on  the  subject.  As  a  matter  of  fact, 
a  certain  percentage  of  the  gas  so  found  by  Hillebrand  was  nitrogen. 

The  attention  of  Sir  William  Ramsay,  the  distinguished  British 
chemist,  was  later  drawn  to  Hillebrand's  work,  and  he  repeated  the 
latter's  experiments.  He  separated  from  cleveite,  a  variety  of  urani- 
nite, a  gas  identical  with  that  of  Hillebrand,  in  the  spectrum  of 
which  was  found,  with  Sir  William  Crookes'  aid,  the  D,  line  of 
Janssen,  proving  that  in  the  gas  there  was  present  a  new  element,  to 
which  the  name  "  helium,"  borrowed  from  Frankland  and  Lockyer, 
was  given.  On  sparking  this  gas  with  oxygen  to  eliminate  ni- 
trogen, removing  the  excess  oxygen  with  phosphorus,  introducing  the 
residual  gas  into  an  exhausted  spectrum  tube  and  passing  an  electric 
current  through  it,  a  bri^t  yellow  glow  was  obtained.  Examined 
with  a  spectroscope,  this  glow  gave  rise  to  a  series  of  lines  in  the  red, 
green,  and  blue,  but  most  prominent  was  the  bright  yellow  line  of 
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Janssen.  In  1895  the  characteristic  line  of  this  gas  was  discovered  in 
the  spectrum  of  the  atmosphere  by  Kayser,  and  the  element  was 
isolated  from  the  air  by  Ramsay  and  Travers  in  the  same  year. 

OCGUBBENCE  AND  PBOPEBTIES. 

Helium  is  widely  distributed  in  nature,  but  generally  in  minute 
quantities.  The  amount  of  it  in  the  earth's  atmosphere  is  exceed- 
ingly small,  being  present  in  the  proportion  of  only  1  volume  to 
250,000  volumes  of  air.  It  has  been  found,  as  mentioned  above,  im- 
prisoned within  radioactive  mineral  substances,  in  the  gases  evolved 
from  some  thermal  springs,  in  those  emanating  from  volcanoes,  and 
also  in  the  natural  gas  of  several  gas  fields  in  the  United  States 
(notably  in  Kansas,  Oklahoma,  Ohio,  and  also  Texas).  In  some  of 
the  natural  gas  of  this  country  helium  is  present  in  amounts  as  high 
as  2|  per  cent.  Of  late,  emissions  of  helium  in  comparatively  large 
quantity  have  been  reported  from  the  boric  acid  soffione  of  Larder- 
ello,  Tuscany,  Italy.  It  issues  from  the  earth  at  Stassfurt,  Gtermany, 
and  at  Karlsbad.  The  natural  gas  in  certain  parts  of  Europe  also 
contains  helium,  but  in  much  smaller  quantity  than  in  our  own. 

Helium  is  one  of  a  series  of  very  rare,  inert  gases — other  members 
being  neon,  argon,  krypton  and  xenon — all  of  which  are  present  in 
very  small  quantities  in  the  atmosphere.  Thus  far  every  attempt  to 
make  these  gases  enter  into  chemical  combination  has  failed.  Helium 
is,  next  to  hydrogen,  the  lightest  of  known  substances.  The  gas, 
although  twice  as  heavy  as  hydrogen,  has  in  balloons  a  buoyancy  or 
ascensional  power  of  92.6  per  cent,  as  compared  with  the  latter.  The 
reason  for  this  is  that  the  buoyancy  of  a  gas  is  measured  not  directly 
by  its  weight,  but  by  the  difference  between  its  weight  and  that  of 
the  air  displaced.  Both  hydrogen  and  helium  are  so  light  as  com- 
pared with  air  that  the  difference  in  their  lifting  power  is  relatively 
insignificant.  For  example,  1,000  cubic  feet  of  pure  hydrogen  wiU 
lift  a  weight  of  75.14  pounds  whereas  the  same  amount  of  pure 
helium  will  lift  69.58  pounds,  and  a  mixture,  containing  85  per  cent 
helium  and  15  per  cent  hydrogen,  which  is  the  gas  contemplated  for 
all-around  aircraft  use,  will  have  93.4  per  cent  of  the  lifting  power  of 
hydrogen  and  will  lift  70.18  pounds. 

In  its  physical  behavior,  helium  is  the  nearest  approximation  to 
the  ideal  perfect  gas.  It  is  monatomic  and  liquefies  at  even  lower 
temperatures  than  hydrogen.  By  its  evaporation  in  vacuum,  Onnes, 
of  Leyden,  produced  it  in  liquid  form,  first  cooling  it  in  solid  hydro- 
gen and  then  expanding  it  through  a  small  nozzle.  Liquefied  helium 
is  a  colorless,  mobile  liquid,  having  a  density  of  0.122 ;  hence  it  is  the 
lightest    liquid  known.     It  boils  at  4.5*'  absolute,  and  has  a  critical 
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temperature  of  about  5®  absolute,  with  a  critical  pressure  of  2.75 
atmospheres.  By  the  rapid  evaporation  of  liquid  helium,  a  tempera- 
ture below  2.5°  absolute  has  been  reached,  but  solid  helium  has  not 
been  produced.  The  low  dielectric  strength  of  helium  permits  elec- 
tric discharges  to  pass  through  it  with  much  greater  ease  than 
through  most  gases,  and  its  conductivity  for  heat  is  very  high. 

Helium  has  been  proved  to  be  the  end  product  of  the  emanations 
of  radioactive  substances,  but  the  origin  of  its  presence  in  natural  gas 
has  not  been  established.  The  helium  content  of  some  natural  gas  is 
relatively  so  large  and  the  radiation  from  radioactive  material  is  so 
small  that  derivation  from  such  material  would  seem  entirely  out  of 
the  question.  In  the  whole  world  not  more  than  three  ounces  of 
radium  have  yet  been  isolated :  but  it  must  be  remembered  that  radio- 
active material  is  very  widely  distributed  in  nature  and  that  helium 
generation  has  been  going  on  through  countless  ages  of  past  time.  A 
great  many  factors  enter  into  consideration  in  this  question,  however, 
and  it  is  difficult  to  set  up  an  unassailable  hypothesis  regarding  it. 

Helium  is  of  prime  importance  in  aeronautics  because  of  its  great 
buoyancy,  because  of  its  rate  of  diflFusion  and  consequent  wastage 
through  fabrics  being  only  half  that  of  hydrogen,  and,  above  all, 
because  of  its  chemical  inertness.  The  effectiveness  of  hydrogen- 
filled  dirigibles  in  war,  owing  to  the  high  inflammability  of  hydro- 
gen, was  reduced  to  the  vanishing  point  when  means  of  combating 
them  with  incendiary  propectiles  were  developed.  Even  under  peace 
conditions,  the  great  hydrogen-filled  envelope  of  the  dirigible  consti- 
tutes a  serious  hazard  because  of  possible  ignition  from  atmospheric 
electricity,  or  from  flames  originating  in  the  power  plant  of  the  craft. 
Helium,  however,  being  absolutely  inert,  can  not  be  ignited  or  ex- 
ploded, and  even  mixtures  containing  certain  amounts  of  hydrogen 
with  helium  can,  as  has  been  indicated  above,  be  used  with  perfect 
safety  in  lighter-than-air  craft. 

INITL/LTION  OF  THE  BESEABCH  WOBK. 

Up  to  April,  1918,  helium  had  been  obtained  only  in  extremely  small 
amounts,  as  a  curiosity  in  scientific  laboratories,  so  that  the  total 
quantity  separated  in  the  whole  world  probably  did  not  exceed  100 
•cubic  feet,  the  cost  of  production  being  about  $1,700  to  $2,000  a  cubic 
foot.  Hence,  although  the  possibility  of  helium  as  a  lifting  gas  had 
been  realized,  its  practical  use  seemed  out  of  the  question. 

In  the  development  of  a  process  by  which  helium  is  now  being  pro- 
duced in  large  quantities,  the  Bureau  of  Mines  was  the  pioneer  and 
has  taken  the  leading  part.    In  March,  1916,  the  Director  of  the 
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Bureau  of  Mines  caUed  the  attention  of  Dr.  F,  G.  Cottrell,  chief 
metallurgist  of  the  bureau,  to  a  new  process  for  air  separation  that 
embodied  some  novel  and  striking  features,  the  bureau  being  inter- 
ested then  in  the  cheap  production  of  oxygen  for  use  in  blast  furnaces^ 
This  process  had  been  evolved  by  Fred  E.  Norton,  a  graduate  of  the 
Massachusetts  Institute  of  Technology  and  an  ^igineer  of  wide  ex- 
perience and  international  reputation;  Mr.  Norton  had  pooled  his 
patents  with  E.  A.  W.  Jefferies  and  the  consolidation  became  known 
as  the  Jefferies-Norton  processes. 

On  February  2*8,  1915,  Sir  William  Kamsay  wrote  to  Dr.  R.  B. 
Moore,  of  the  Bureau  of  Mines,  who  had  worked  with  him  in  investi- 
gating the  rare  gases  of  the  atmosphere.  Sir  William  said,  among 
other  things :  "  I  have  investigated  blowers — ^that  is,  coal-damp  rush 
of  gas— for  helium  for  our  Government.  There  does  not  appear  to 
be  anything  in  the  English  blowers,  but  I  am  getting  samples  from 
Canada  and  the  States.    The  idea  is  to  use  helium  for  airships." 

As  the  United  States  was  not  yet  in  the  war  and  strict  neutrality 
was  being  maintained  by  this  country,  these  remarks  w^re  passed 
over  by  Dr.  Moore,  but  he  remembered  that  in  1907  Dr.  H.  P.  Cady, 
of  the  University  of  Kansas,  had  found  more  than  1  per  cent  of 
helium  in  some  natural  gas  from  Kansas,  and  he  realized  what  it 
would  mean  if  such  helium  could  be  made  available  for  balloons  and 
dirigibles.  Dr.  Cady  and  D.  F.  McFarland  were  the  first  investiga- 
tors to  discover  helium  in  natural  gas ;  in  1907  they  published  a  paper 
on  the  subject  in  the  Journal  of  the  American  Chemical  Society.* 

In  April,  1917,  Dr.  Moore  attended  a  meeting  of  the  American 
Chemical  Society  in  Kansas  City,  Mo.,  where  a  paper  on  rare  gases 
was  read  by  Dr.  C.  W.  Seibel,  of  the  University  of  Kansas,  who  had 
worked  under  Dr.  Cady.  In  the  discussion  that  followed  Dr.  Moore 
pointed  out  the  possibility  of  helium  for  war-balloon  use  if  its  separa- 
tion from  natural  gas  could  be  accomplished  at  a  reasonable  cost. 
He  asked  Dr.  C.  L.  Parsons,  chief  chemist  of  the  Bureau  of  Mines, 
who  was  present  at  the  meeting,  to  take  up  the  matter  with  bureau 
officials  on  his  return  to  Washington,  and  this  Dr.  Parsons  did. 

In  April,  1917,  the  Director  of  the  Bureau  of  Mines  placed  G.  A. 
Burrell  (later  Col.  Burrell)  in  charge  of  the  bureau's  war-gas  work. 
The  Bureau  of  Mines  had  initiated  this  work,  chiefly  on  gas  masks, 
smoke  screens,  and  toxic  gases,  in  cooperation  with  the  Army  and 
the  Navy.  Mr.  Burrell,  who  had  been  in  charge  of  gas  investigations 
for  the  Bureau  of  Mines  from  1908  imtil  1916,  had  analyzed  natural 
gas  from  different  fields  and  knew  of  its  helium  content.  He  had 
thought  of  helium  as  a  possible  filler  for  balloons  and  dirigibles  and 

•  Cady.  H.  P,,  and  McFarland.  D.  P.,  the  occurrence  of  helium  In  natural  gas  and  thi» 
ompoBition  of  natural  gas:  Jour.  Am.  Chem.  Soc,  vol.  20.  1907,  pp.  1523  et  aeq. 
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had  mentioned  the  matter  to  F.  A.  Lddbury,  of  the  Oldbury  Chemical 
Co.,  and  from  him  learned  of  Sir  William  Ramsay's  interest  in  the 
subject  and  of  the  presence  of  helium-bearing  gas  in  Canada.  Prof. 
Satterly  and  Prof.  Patterson,  of  the  University  of  Toronto,  began 
experiments  looking  to  the  separation  of  helium  from  Canadian 
natural  gas  January  1,  191G.  They  used  a  Claude-system  unit,  at 
Hamilton,  Ontario,  but  had  mudi  trouble  in  eliminating  the  heavier 
hydrocarbons  of  the  natural  gas. 

Mr.  Burreil  was  aware  of  the  possibilities  of  the  gases  of  the  Pe- 
trolia  field,  in  Texas,  in  regard  to  helium  yield,  and  had  samples  sent 
to  Dr.  Cady  for  analysis.  These  samples  contained  about  1  per  cent 
of  the  element.  Thereupon,  Mr.  Burreil  took  up  the  question  of 
utilizing  this  gas  for  helium  recovery,  with  Dr.  Cottrell  and  Dr. 
Moore,  and  the  matter  was  discussed  at  length. 

On  May  12,  1917,  Mr.  Burreil  wrote  to  Maj.  C.  DeF.  Chandler 
(now  Col.  Chandler,  of  the  Air  Service),  asking  for  an  expression  of 
opinion  as  to  whether  helium  possessed  sufficient  advantages  for  use 
in  balloons  to  warrant  undertaking  its  production ;  and  Messrs.  Bur- 
reil and  Moore,  at  the  latter's  suggestion,  conferred  with  Maj. 
Chandler  to  ascertain  whether  the  Army  would  consider  furnishing 
the  necessary  funds  for  the  project  G.  O.  Carter,  of  the  Bureau  of 
Steam  Engineering  of  the  Navy  Department,  learned  from  Maj. 
Chandler  of  this  matter  and  became  interested  in  it  on  behalf  of  the 
Navy  Department 

At  this  time  several  conferences  were  held  to  discuss  helium  pro- 
duction from  every  angle,  and  opinions  and  views,  all  favoring  it, 
were  obtained  from  Dr.  Cady,  T.  B.  Ford,  then  in  charge  of  the 
low-temperature  laboratory  of  the  Bureau  of  Standards,  and  O.  P. 
Hood,  chief  mechanical  engineer  of  the  Bureau  of  Mines. 

Dr.  Cottrell  advised  Mr.  Burreil  to  get  in  touch  with  Mr.  Norton, 
for  the  possible  employment  of  his  process  to  separate  helium  from 
natural  gas;  accordingly,  Mr.  Norton  was  asked  to  come  to  Wash- 
ington, where  he  arrived  on  June  4,  1917.  Asked  for  a  minimum 
estimate  on  the  cost  of  a  small  experimental  plant  for  the  purpose, 
Mr.  Norton  estimated  that  a  plant  with  a  capacity  of  about  5,000 
cubic  feet  of  helium  a  day,  to  try  out  his  process,  might  be  con- 
^ructeci  for  about  $28,000.  With  this  data  in  hand,  the  Director  of 
the  Bureau  of  Mines  did  his  utmost  to  push  the  investigation.  On 
July  19,  1917,  he  addressed  a  letter  to  the  Chief  Signal  Officer  of  the 
War  Department,  requesting  an  allotment  of  $28,000  to  try  out  the 
Norton  process,  and  on  July  20,  1917,  Secretary  Lane  wrote  to  the 
Secretary  of  War  on  the  same  subject. 

Dr.  Moore  had  suggested  to  Dr.  Cottrell  that  the  Linde  Air 
Products  Co.  and  the  Air  Reduction  Co.,  established  firms  in  the 
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business  of  gas  liquefaction  and  separation,  be  brought  into  the 
helium  undertaking,  and  in  this  suggestion  Dr.  Cottrell  had  heartily 
concurred.  So  these  firms  and  one  other  (the  Lacy  process)  were 
asked  to  cooperate  with  the  Government,  and  developments  finally 
culminated  in  a  recommendation  on  July  26,  1917,  by  the  joint 
Army  and  Navy  Airship  Board,  of  an  allotment  of  $100,000,  in  equal 
shares  from  Navy  and  Army  appropriations,  to  make  helium  avail- 
able as  a  substitute  for  hydrogen  for  balloons  and  dirigibles.  It  was. 
further  recommended  that  arrangements  be  made  with  the  Bureau 
of  Mines  to  carry  out  the  undertaking.  On  July  31,  1917,  the  Air- 
craft Production  Board  reconmiended  that  this  be  done. 

About  this  time  Capt.  K.  B.  Owens,  of  the  Signal  Corps,  went 
to  England  on  a  special  mission.  He  had  become  very  enthusiastic 
as  regards  helium,  especially  the  possibilities  of  the  Norton  process, 
and  took  with  him  a  letter  from  Mr.  Burrell,  which  he  presented  to 
the  British  Admiralty.  This  led  to  the  dispatch  to  this  country  of 
Commander  C.  D.  C.  Bridge  and  Lieut.  Commander  S.  B..  Locock,. 
as  a  commission  on  behalf  of  the  Admiralty  to  canvass  the  helium 
situation  in  this  country  and  to  investigate  the  Norton  process^ 
Through  Vice  Admiral  Richard  H.  Peirse  the  Admiralty  had  writ- 
ten to  Dr.  B..  A.  Millikan  (later  Lieut.  Col.  Millikan) ,  of  the  National 
Research  Council,  on  July  25, 1917,  that,  on  the  strength  of  researches 
instituted  by  the  Board  of  Inventions  and  Research,  it  had  decided  to 
fit  up  an  experimental  plant  to  investigate  whether  the  use  of  helium 
for  airships  was  practicable.  The  Admiralty  was  anxious  to  obtain 
from  the  United  States  100,000,000  cubic  feet  of  the  gas  at  once  and 
to  contract  for  a  further  supply  of  1,000,000  cubic  feet  a  week,  being 
particularly  interested  in  the  Norton  process  on  account  of  the  possi- 
bility of  its  greatly  reducing  the  cost  of  producing  helium,  which  the 
Admiralty  feared  would  be  prohibitive  by  the  older,  established 
processes.  It  was  estimated  that  the  best  that  could  be  expected 
from  these  older  processes  would  be  about  $80  a  thousand  cubic  feet. 

DEVELOPMENT  OP  PLANTS  POB  HELIUM  P&ODirGTION. 

After  the  $100,000,  mentioned  previously,  was  allotted  for  helium 
work,  the  director  of  the  Bureau  of  Mines  placed  Mr.  Burrell  in 
charge  of  the  investigation.  Mr.  Norton  started  the  design  of  a  plant 
along  the  lines  of  his  process,  he  and  Mr.  P.  McD.  Biddison,  chief 
engineer  of  the  Ohio  Fuel  &  Supply  Co.,  being  appointed  consulting 
engineers  of  the  bureau.  With  others  they  made  a  field  survey  to 
determine  the  best  site  for  operations.  Dr.  Cady  was  appointed 
consulting  chemist  on  the  staff  of  the  Bureau  of  Mines ;  he  and  his 
assistants  at  the  University  of  Kansas,  particularly  Dr.  C.  W.  SeibetJ 
iid  a  large  amount  of  analytical  and  research  experimental  work  on 
lelium,  the  results  of  which  influenced  the  designs  of  the  various 
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helium  plants  that  were  constructed  later.  Dr.  Cady  also  made  val- 
uable researches  into  the  limits  of  inflammability  of  helium  and 
hydrogen  mixtures,  and  carried  out  a  number  of  experiments  on  the 
permeability  of  balloon  fabrics  by  helium. 

The  work  in  connection  with  the  helium  undertaking  began  at  this 
time  to  assume  such  proportions  and  to  broaden  so  much  that  Mr. 
Burrell  felt  that  he  would  be  unable  to  carry  it  on  properly,  his  time^ 
being  fully  occupied  with  other  pressing  duties.  Therefore,  Prof. 
W.  H.  Walker,  of  the  Massachusetts  Institute  of  Technology,  was 
asked  to  assume  charge.  This  he  did  for  a  few  weeks,  and  possibly 
it  was  at  his  suggestion  that,  for  purposes  of  secrecy  as  a  war 
measure,  the  name  "  argon ''  was  substituted  for  helium  and  the 
three  experimental  plants  finally  constructed  became  known  as 
"  argon  "  plants.  After  Prof.  Walker  gave  up  this  charge  to  become 
chief  of  the  Chemical  Service  Section  of  the  War  Department,  with 
the  rank  of  lieutenant  colonel,  the  helium  work  was  carried  on  mainly 
by  Dr.  F.  G.  Cottrell  in  Washington  and  Mr.  Norton  and  Mr.  Bid- 
dison  in  the  field,  all  under  Dr.  Manning's  personal  supervision,  with 
Mr.  Carter  acting  for  the  Navy  and  the  Army,  and  the  Linde  Air 
Products  Co.  and  the  Air  Reduction  Co.  cooperating  so  far  as  their 
processes  were  concerned.  Contracts  were  closed  with  these  two  com- 
panies in  November,  1917,  and  a  contract  was  made  with  the  Lone 
Star  Gas  Co.,  controlling  the  Petrolia  field,  for  a  supply  of  gas.  Con- 
struction of  a  Linde  plant  and  a  Claude  (Air  Reduction  Co.)  plant 
was  begun  at  Fort  Worth,  Tex.,  almost  inmiediately  after  the  con- 
tracts were  executed.  These  plants,  known  respectively  as  "Argon 
Plants  1  and  2,"  were  completed  in  March  and  in  May,  1918.  On 
May  11,  1918,  Profs.  Satterly  and  Patterson  visited  Fort  Worth  to 
inspect  the  plants  and  expressed  themselves  as  highly  pleased  with 
what  they  saw.  On  February  2,  1918,  Dr.  Manning  assigned  F.  C. 
Czarnecki  to  Fort  Worth  as  superintendent  of  the  Linde  and  Claude 
plants;  also,  about  the  same  time  Mr.  J.  R.  George,  jr.,  was  assigned 
to  assist  Dr.  Cottrell  in  Washington  in  conducting  the  helium  work, 
with  special  reference  to  the  Norton  process.  On  January  1,  1919, 
Dr.  Andrew  Stewart  succeeded  Mr.  George.  In  the  spring  of  1919- 
Dr.  L.  H.  Duschak  was  for  some  time  associated  with  the  helium 
project. 

In  June,  1918,  the  director  of  the  Bureau  of  Mines  placed  Dr. 
R.  B.  Moore  in  general  charge  of  all  three  helium  plants,  as  his  per- 
sonal representative.  After  visiting  New  York  for  consultation  with 
the  presidents  of  the  Linde  and  the  Air  Reduction  Cos.  and  to 
arrange  for  even  closer  cooperation  of  those  corporations  with  the 
Government,  Dr.  Moore  went  to  Worcester,  where  he  conferred  witli 
Mr.  Norton,  and  then  went  directly  to  Fort  Worth.  He  has  beea 
actively  connected  with  the  helium  work  up  to  date,  June,  1919. 
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The  coming  to  this  country  of  the  British  commission,  in  the  fall 

of  1917,  stimulated  the  interest  of  the  Army  and  the  Navy  in  helium. 

At  a  conference  called  by  the  director  of  the  Bureau  of  Mines  in  his 

office,  those  present,  besides  Dr.  Manning,  were  Commander  Bridge, 

Lieut.  Commander  Locock,  of  the  British  commission;  Prof.  John 

Satterly,  of  the  University  of  Toronto ;  lieut.  Commander  Arthur  H. 

Marks,  Bureau  of  Construction  and  Repair,  United  States  Navy; 

Capt.  P.  Pleiss,  of  the  Signal  Corps,  United  States  Army;  G.  O. 

Carter,  Bureau  of  Steam  Engineering,  United  States  Navy;  Dr. 

W.  H.  Walker,  Dr.  C.  L.  Parsons,  G.  A.  Burrell,  P.  McD.  Biddison, 

F.  E.  Norton,  Dr.  Marston  T.  Bogert,  National  Research  Council; 

W.  W.  Birge,  president  of  the  Air  Reduction  Co.;  and  Dr.  B.  S. 

Lacy.    The  helium  project  was  discussed  exhaustively  and,  as  a 

result,  recommendation  was  made  that  an  appropriation  of  $500,000 

be  made  available  from  Army  and  Navy  funds,  in  equal  shares,  for 

four  separate  experimental  plants,  under  the  systems  of  Linde, 

Claude,  Norton,  and  Lacy,  respectively;  that  is  to  say,  all  systems 

recognized  as  practicable  were  to  be  given  a  triaL    Later,  the  Lacy 

system  was  dropped.    The  recommendation  was  transmitted  to  the 

proper  authorities  of  the  Army  and  the  Navy. 

The  $500,000  allotment  was  appropriated  pursuant  to  a  resolution 
of  the  Aircraft  Production  Boani  of  October  17,  1917,  but,  on  the 

recommendation  of  the  Navy  Department,  the  Norton  process  was 
excluded  from  the  benefits  of  any  share  thereof.  This  unexpected 
action  was  embarassing  both  to  the  Bureau  of  Mines  and  to  the 
British  commission,  but  the  Navy  Department  adhered  to  it  and 
induced  the  War  Department  to  take  the  same  stand.  Not  until, 
at  the  Navy  Department's  insistence,  the  Norton  process  had  been 
submitted  to  the  searching  examination  of  the  National  Research 
Council  and  that  body  had,  by  the  unanimous  action  of  a  special 
committee,  reported  favorably  on  it  January  14,  1918,  was  a  further 
sum  of  $100,000  made  available  for  the  Norton  process,  on  January 
18,  1918.  The  special  committee  of  the  National  Kesearch  Coimcil 
was  composed  of  Dr.  Harvey  N.  Davis,  of  Harvard  University;  Dr. 
Edgar  Buckingham  and  Dr.  C.  W.  Waidner,  of  the  Bureau  of 
Standards;  Dr.  W.  S.  Landis,  of  the  Air  Nitrates  Corporation;  and 
S.  L.  G.  Knox,  consulting  mechanical  engineer,  and  later  scientific 
attach^  of  the  United  States  Embassy  at  Rome. 

The  Norton  process  is  the  latest  practicable  development  in  lique- 
fying and  separating  gases.  The  Linde  process  (Plant  No.  1)  de- 
pends upon  the  so-called  Joule-Thomson  effect,  obtained  by  the 
sudden  expansion  of  a  highly  compressed  gas  through  a  small  orifice, 
or  nozzle,  and  the  consequent  cooling  of  the  gas,  the  process  being 
elaborated  into  a  self-intensive  or  cumulative  cycle  of  heat  inter- 
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change  by  causing  the  cooled  gas,  on  escaping,  to  circulate  around 
the  tube  leading  the  initial  gas  into  the  apparatus. 

George  Claude,  of  Paris,  conceived  the  idea  of  a  liquefaction  cycle 
with  an  expansion  engine  interpolated.  Although  the  Joule-Thomson 
effect  is  used  in  the  Claude  cycle  (Plant  No.  2),  its  value  is  reduced 
to  a  minimum  because  the  compression  of  the  gas  in  this  system  is 
lowered.  The  maximum  cooling  effect  is  produced  by  the  expansion  . 
engine  because  the  compressed  gas,  on  expr^nding  in  the  engine 
cylinder,  is  made  to  do  work  and  thus  its  temperature  is  lowered. 

In  the  Norton  process  (Plant  No.  3)  three  expansion  engines  are 
used,  liquid  is  throttled,  and  the  heat  interchanger  and  fractionating 
still  are  of  new  design.  In  the  Linde  system  an  enormous  expendi- 
ture of  power  is  demanded  to  compress  the  gas  in  order  to  obtain  the 
maximum  effect  of  throttling,  and  this  energy  is  th^i  wasted.  The 
Claude  system  requires  much  less  compression  power,  but  in  this 
system  the  energy  stored  in  the  compressed  gas  is  also  dissipated. 
In  the  Norton  system  the  requirement  for  gas  compression  is  re- 
duced to  a  minimum  by  the  interpolation  of  the  multiple-expansion 
engines,  and  what  is  needed  is  co!QserTed  and  reapplied  through  the 
energy  developed  by  these  engines.  Thus  the  maximum  cooling  ef- 
fect is  obtained  at  a  minimum  cost. 

Construction  of  the  Bureau  of  Mines  (Norton  process)  plant,  later 
known  as  Argon  Plant  No.  3,  on  the  enlarged  basis  of  a  maximum  pro- 
duction of  30,000  cubic  feet  of  helium  a  day,  was  begun  on  April  3, 
1918,  and  was  completed  October  1,  1918.  The  cost  was  $148,398.29, 
the  estimate  for  tl^e  plant  enlarged  to  the  proportions  given  having 
been  $150,000.  During  the  early  construction  work  at  this  plant  Mr. 
Biddison's  services  were  of  especial  value;  succeeding  him,  April  20, 
1918,  George  A.  Orrok  was  appointed  consulting  engineer  of  the 
Bureau  of  Mines  and  has  since  been  identified  in  this  capacity  with 
Plant  3. 

The  first  site  picked  for  the  helium  plants  was  at  Fort  Worth, 
Tex.,  selected  by  Messrs.  Norton  and  Biddison,  but  later  the  Otto, 
Kans.,  region  was  deemed  more  advisable,  as  the  natural  gas  there 
is  exceptionally  rich  in  helium;  the  supply,  however,  proved  inade- 
quate. The  Bureau  of  Mines  plant  (Norton  process)  was  then 
located  at  Petrolia,  Tex.,  adjacent,  for  obvious  reasons,  to  the 
properties  of  the  Lone  Star  Co.,  but  the  plants  of  the  Linde  Co.  and 
the  Air  Beduction  Co.,  because  of  their  requiring  more  water  and 
more  power,  were  built  at  Fort  Worth,  about  100  miles  to  the  south- 
east, and  were  supplied  with  Petrolia  gas  through  the  Lone  Star  Co.'s 
pipeline. 

The  approximate  cost  of  Plant  No.  1  (Linde)  was  $245,000 ;  that 
of  Plant  No.  2  (Air  Beduction)  was  $136,000.    The  capacity  of  the 
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(he  Navy  and  War  Departments  consented  to  the  further  operation 
of  Plant  No.  2,  the  Navy  agreeing  to  furnish  gas  of  a  higher  helium 
content  from  its  new  pipe  line  (contemplated  under  "  Plan  C  ")  when 
this  would  be  completed,  about  May,  1919.     / 

The  Bureau  of  Yards  and  Docks  of  the  Navy  Department  took 
physical  possession  of  Plant  No.  2  and  of  the  Government  prop- 
erty of  Plant  No.  1,  and  assumed  all  expenses  incurred  by  the  Gov- 
ernment incident  to  these  plants  as  of  April  1,  1919.  Plant  1  has 
been  dismantled  and  the  Linde  Air  Products  Co.  is  to  repurchase  such 
of  its  apparatus  and  equipment  as  it  agreed  to  do  under  its  contract 
with  the  Bureau  of  Mines.  All  helium  produced  at  these  plants  has 
been  placed  in  the  custody  of  the  Navy  Department  at  its  special 
request. 

Although  only  $36,000  was  provided  for  further  operation  of  Plant 
No.  3,  under  "  Plan  C,"  a  visit  of  inspection  to  this  plant  by  Com- 
manders H.  N.  Jenson  and  H.  T.  Dyer,  Lieut.  Commander  Smith  and 
G.  O.  Carter,  on  behalf  of  the  Navy  Department,  about  March  15, 
1919,  so  convinced  the  Navy  officials  of  the  exceptional  merits  of  the 
Norton  process  and  the  possibilities  of  the  plant  in  respect  to  pro- 
ducing high-purity  helium  at  a  minimum  cost  that  they  became 
strongly  in  favor  of  affording  it  every  opportunity  to  prove  itself. 

After  overcoming  many  obstacles  that  could  not  be  foreseen.  Plant 
No.  3,  on  April  2,  1919,  began  to  produce  helium,  and  by  5.30  a.  m. 
April  3,  a  purity  of  19.8  per  cent  was  reached.  Helium  production 
continued  until  that  afternoon,  when  it  became  necessary  to  shut 
down  for  some  minor  repairs.  On  April  17,  21  per  cent  helium  was 
made,  and  it  is  confidently  expected  that  helium  of  the  highest  purity 
Vill  soon  be  produced  by  this  plant  on  a  large  scale. 

On  April  15,  1919,  the  Director  of  the  Bureau  of  Mines  called  a 
conference  in  his  office  to  discuss  matters  incident  to  the  further 
operation  of  Plant  3  and  kindi'ed  matters.  There  were  present,  be- 
sides the  Director,  Commander  Jenson,  representing  the  Navy;  CoL 
C.  DeF.  Chandler,  Col.  A.  L.  Fuller,  and  Dr.  H.  N.  Davis,  repre- 
senting the  Army;  and  George  A.  Orrok,  Fred  E.  Norton,  L.  H. 
Duschak,  W.  A.  Ambrose,  and  Andrew  Stewart,  representatives  of 
the  Bureau  of  Mines.  Fred  E.  Norton,  who  had  come  from  Texas 
for  the  purpose,  gave  a  detailed  report  on  the  operation  of  Plant  No. 
3  and  described  the  need  for  alterations  in  and  additions  to  its  appa- 
ratus to  insure  the  greatest  possible  efficiency.  It  was  the  sense  of  the 
meeting  that  liberal  allotments  of  funds  should  be  made  for  the  con- 
tinued experimental  operation  of  the  plant,  with  regard  to  its  ulti- 
mately being  run  as  a  production  unit.  As  a  result  of  this  confer- 
ence, the  Director  of  the  Bureau  of  Mines  recommended  an  allotment 
of  $100,000  to  make  the  alterations  and  acquire  the  equipment  re- 
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f erred  to.    This  fund  has  been  made  available,  one-half  by  the  Army 
and'  one-half  by  the  Navy. 

COOPERATING   AGENCIES. 

During  the  course  of  the  work  of  the  Bureau  of  Mines  on  processes 
->f  helium  extraction,  G.  S.  Rogers,  of  the  United  States  Geological 
Survey,  undertook  a  reconnoissance  of  the  natural-gas  fields  in  the 
United  States  with  regard  to  their  possible  helium  supply,  so  far  as 
that  might  be  judged  by  the.  analysis  of  samples  of  gas  from  exist- 
ing wells  and  the  study  of  geological  conditions.  In  this  work  Dr. 
Cady  and  Dr.  C.  W.  Seibel  rendered  valuable  assistance  in  analytical 
investigations. 

On  April  3,  1918,  the  petroleum  division  of  the  Bureau  of  Mines 
began  work  on  the  possible  discovery  of  natural  gas  yielding  helium, 
and  from  April  3, 1918,  to  January  1, 1919  conducted  intermittently 
administrative  work  relating  to  the  conservation  of  such  natural 
gas.  Examinations  as  to  the  possibility  of  obtaining  helium  in  Mon- 
tana, North  Dakota,  Washington,  California,  and  southern  Canada 
were  made  by  C.  H.  Beal,  J.  O.  Lewis,  and  A.  W.  Ambrbse. 

Following  a  conference  between  Dr.  Cottrell  and  members  of  the 
staflf  of  the  Bureau  of  Standards,  the  Director  of  the  Bureau  of 
Mines,  on  December  14,  1917,  requested  the  Bureau  of  Standards  to 
undertake  the  determination  of  certain  physical  properties  of 
methane,  especially  with  regard  to  its  latent  and  specific  heats  and 
specific  volumes  over  a  wide  range  of  pressures  and  temperatures. 
The  purpose  of  this  inquiry  was  to  facilitate  the  experimental  opera- 
tion of  the  helium  plants,  in  which  liquid  methane  plays  an  important 
part 
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TREATMENT  OF  THE  TUNGSTEN  ORES  OF  BOULDER 

COUNTY,  COLO. 


By  J.  P.  BoNARDi  and  J.  C.  Wiuliams. 


INTBODUCTION. 

Until  the  end  of  1918  Boulder  County  ranked  as  one  of  the  fore- 
most tungsten-producing  districts  of  the  world,  but  in  August,  1919, 
there  was  practically  no  production  in  the  district.  The  operators 
there  could  not  compete  with  tungsten  ores  from  foreign  sources, 
particularly  China,  Burma,  and  South  America.  As  a  result  there 
has  been  a  strong  movement  for  placing  a  protective  tariff  on  all  im- 
ported tungsten  ores  and  products;  and  it  seems  to  be  the  general 
belief  of  tungsten  producers  that  some  form  of  protection  is  necessary 
to  the  maintenance  of  the  industry  in  this  country. 

The  stimulus,  due  to  the  great  demand  for  tungsten  alloys  in 
the  manufacture  of  munitions  during  the  war,  was  felt  in  all  the 
productive  localities  of  the  world.  The  ores  of  Boulder  County  were 
especially  in  demand  on  account  of  their  comparative  freedom  from 
harmful  impurities,  and  this  demand  greatly  extended  mining  oper- 
ations in  the  district  and  increased  the  efficiency  of  the  general 
milling  practice  there. 

SCOPE  OF  REPORT. 

This  paper  deals  largely  with  the  development  of  milling  practice 
in  Boulder  County,  the  ore-dressing  methods  in  use,  and  the  local 
manufacture  of  ferrotungsten  and  tungstic  oxide.  The  geology  of 
the  district  and  the  mining  methods  are  treated  only  briefly.  Local 
methods  of  analyzing  ores,  concentrates,  ferrotungsten,  and  tungsten 
metal  powder  are  discussed. 

Figures  giving  the  production  of  tungsten  concentrates  in  the 
Boulder  district,  in  the  United  States,  and  in  the  world,  data  on  the 
buying  of  tungsten  ores,  costs  of  production,  and  the  normal  tungsten 
requirements  in  this  country  are  presented.  Imports  and  exports  of 
tungsten  ores  of  the  United  States  are  mentioned  briefly. 
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The  writers  hope  that  this  report  will  prove  of  interest  to  all  those 
interested  in  the  treatment  of  tungsten  ores  and  the  manufacture  of 
tungsten  acid,  tungsten  powder,  and  ferrotungsten. 

ACKNOWLEDGMENTS. 

The  writers  are  greatly  indebted  for  the  many  courtesies  shown  by 
those  connected  with  the  tungsten  mining  companies  in  the  Boulder 
district,  among  whom  are  W.  F.  Bleecker,  Louis  C.  Schultz,  W.  Y. 
Bleakley,  F.  J.  Gibson,  A.  J.  Guerber,  William  E.  Ellis,  W.  E.  Cros- 
ley,  and  Roy  B.  Edson,  of  the  Tungsten  Products  Co.;  William 
Loach  and  W.  G.  Roseborough,  of  the  Wolf  Tongue  Mining  Co.; 
Thomas  McGrath,  of  the  Mojave  mill;  George  Teal  and  Clifton  A. 
Barr,  of  the  Red  Sign  Mining  Co. ;  J.  A.  McKenna,  Fred  Barnett, 
and  J.  W.  Conklin,  of  the  Vasco  Mining  Co. ;  Nelson  Franklin  and 
S.  B.  Tyler,  of  the  Rare  Metals  Ore  Co. ;  and  J.  B.  Ekeley,  of  the 
Black  Metals  Reduction  Co. 

Acknowledgment  is  also  due  to  J.  G.  Hibbs,  F.  C.  Armstrong, 
Hugh  F.  Watts,  W.  R.  Lewis,  and  J.  G.  Clark,  of  Boulder,  for 
valuable  information  and  helpful  suggestions;  as  well  as  to  R.  B. 
Moore,  now  chief  chemist  of  the  United  States  Bureau  of  Mines,  and 
Dr.  V.  C.  Alderson  and  Robert  M.  Keeney,  of  the  Colorado  School 
of  Mines. 

GEOGRAPHICAL  SISTEIBUTIOir  OF  OSE. 

'EXTENT  OT  DISTBICT. 

Boulder  County  is  one  of  the  smallest  counties  in  Colorado.  It  is 
rectangular  in  shape,  measuring  32  miles  east  and  west  by  24  miles 
north  and  south.  Its  southeast  comer  is  about  12  miles  north  of 
Denver. 

As  the  accompanying  map  (fig.  1)  shows,  the  tungsten  district 
of  Boulder  County  is  small  and  rather  well  defined,  having  a  length 
of  about  12  miles  in  a  northeast  and  southwest  direction  and  a  width 
of  about  7  miles.  This  area  includes  nearly  all  of  the  scattered  de- 
posits lying  outside  of  an  area  of  about  10  square  miles  in  which  are 
found  the  richest  and  largest  deposits.  There  are  a  few  deposits 
near  by  in  the  north  end  of  Gilpin  County,  near  RoUinsville. 

As  the  productive  area  is  small  and  the  field  has  been  thoroughly 
prospected  under  the  stimulus  afforded  by  the  high  prices  of  1914-15, 
the  chances  of  finding  new  deposits  are  slight. 

The  more  important  towns  of  the  district  are  Nederland,  the  chief 
business  center;  Lakewood  and  Stevens  Camp,  the  principal  active 
mining  centers;  Cardinal,  Sugar  Loaf,  Magnolia,  and  RoUinsville. 
The  altitude  of  Nederland  is  8,237  feet. 
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The  district  is  reached  by  the  Denver,  Boulder  &  Western  Railroad 
and  by  the  Denver  &  Salt  Lake  Railroad  (Moffat  Road).    Sugar 


Loaf  and  Cardinal  are  on  the  Denver,  Boulder  &  Western ;  RoUins- 
ville  is  on  the  Moffat  Road.     Cardinal  is  about  2  miles  north  of 


«*l«l^««B««M»iB' 


10  TREATMENT  OF  THE  TUNGSTEN  ORES. 

Nederland,  and  KoUinsville  is  4  miles  south.  Motor  stage  lines  run 
from  Boulder  to  the  various  towns  of  the  district.  An  excellent 
highway,  suitable  for  heavy  motor  truck  hauling,  runs  up  Middle 
Boulder  Canyon  from  Boulder  to  Nederland,  17  miles,  following 
the  course  of  Middle  Boulder  Creek. 

TTTNOSTEir  MILLS. 

PBIKCIPAL  PBODXrCING  litlNES  OF  THE  DISTRICT. 

At  the  time  of  the  authors'  visit  to  the  district,  January,  1919,  the 
plants  in  operation,  which  are  described  in  detail  in  this  bulletin, 
were  as  follows :  Black  Metal  Reduction  Co.,  Boulder,  tungstic  oxide 
plant ;  Tungsten  Products  Co.,  Boulder,  concentrator,  ferroalloy  and 
tungstic  oxide  plant ;  Grimm  concentrating  mill,  Boulder  Canyon,  near 
Ferberite;  Red  Sign  mill,  Ferberite;  Vasco  mill.  Tungsten  (Stevens 
Camp) ;  Wolf  Tongue  mill,  Nederland ;  Rare  Metals  Ore  Co.  mill, 
RoUinsville. 

Several  other  tungsten  mills  in  the  district  were  not  in  operation 
at  the  time.  Among  these  were  the  following:  Mojave-Boulder  Min- 
ing Co.,  in  Boulder  Canyon,  at  the  mouth  of  Bummer  Gulch ;  Boulder 
Tungsten  Production  Co.,  Tungsten  (Stevens  Camp) ;  Clarasdorf 
mill,  Middle  Boulder  Creek ;  Black  Swan  mill,  Salina ;  Primos  Chemi- 
cal plant,  Copeland ;  Black  Prince  tungsten  mill,  Ferberite. 

Mills  that  were  not  visited,  though  still  in  operation  at  the  time 
the  district  was  visited,  were  as  follows:  Tungsten  Mining  &  Mill- 
ing Co.,  Beaver  Creek,  near  Rollinsville ;  Long  Chance  Mining  & 
Milling  Co.,  Beaver  Creek,  near  Rollinsville;  Primos  Chemical  Co., 
Lakewood. 

Companies  other  than  those  mentioned  above  which  have  pro- 
duced tungsten  ores  in  the  district  are :  Tungsten  Mines  Co.,  Tung- 
sten Metals  Co.,  Colorado  Tungsten  Co.,  Tungsten  Mountain  Mines 
Co.,  Duncan  Mining  Co.,  Commonwealth  Tungsten  Co.,  Gold  & 
Silver  Mining  Co.,  April  Fool  Mining  Co.,  t^agle  Rock  Co.,  Victor 
Mining  Co. 

In  the  Cold  Spring  district,  near  Lakewood,  are  the  Cross  mine. 
Orange  Blossom,  and  Cold  Spring,  which  are  among  the  chief  pro- 
ducers of  the  entire  district.  Near  Nederland  are  the  Clyde  and 
other  groups  that  have  been  large  producers. 

The  ore  treated  by  the  Primos  Chemical  Co.  is  chiefly  derived  from 
the  famous  Conger  mine,  the  Beddig,  Lone  Tree,  Cork  Screw,  and 
Nos.  18  and  4  mines. 

At  Ferberite  are  the  Red  Sign  mines  which  have  supplied  the  Red 
Sign  mill  previously  mentioned. 
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At  Beaver  Creek,  near  RoUinsville,  are  the  following  mines,  which 
were  large  producers  auring  1918:  Elsie,  Long  Chance,  Mammoth, 
Manchester,  Ebony,  Fitzsimmons. 

At  Tungsten,  Stevens  Camp,  are  the  13  mines  (numbered  1  to  13) 
of  the  Vasco  Milling  &  Mining  Co. 

HISTOBT  OF  TTTNOSTEir  HINIKO  DT  BOXTLBEB  COTTKTY. 

DEVELOPMENT  PRIOR  TO  1915. 

The  history  of  the  tungsten  industry  in  Boulder  County  illustrates 
well  how  a  valuable  mineral  may  be  overlooked  because  of  ignorance 
of  its  nature  or  because  of  its  being  of  no  economic  value  at  the  time 
of  its  discovery,  and  yet  become  of  importance  later  when  conditions 
change.  In  1870  Sam  P.  Conger  discovered  the  famous  Caribou 
silver  mine  at  Caribou,  and  a  few  months  later  the  Boulder  County 
mine,  and  Caribou  was  erroneously  heralded  as  the  richest  silver  dis- 
trict in  Colorado  and  one  of  the  largest  in  the  world.  The  miners 
4ind  prospectors  who  flocked  into  the  district  soon  became  familiar 
with  a  heavy  dark  mineral,  found  as  "float,"  to  which  they  gave 
various  names,  such  as  "  heavy  iron,"  "  black  iron,"  "  hematite,"  and 
'"  barren  silver."  In  the  early  part  of  the  year  1900,  Conger's  partner, 
W.  H.  Wanamaker,  who  had  seen  the  tungsten  ores  found  in  the 
Dragoon  Mountains  of  Arizona,  recognized  this  "  float "  as  an  ore  of 
tungsten.  Conger  and  Wanamaker  kept  their  discovery  a  secret  and 
in  August,  1900,  obtained  a  lease  on  the  Boulder  County  ranch  for  the 
purpose  of  working  the  tungsten  placers  and  developing  veins.  By 
the  end  of  the  year  about  40  tons  of  high-grade  ore  had  been  taken 
out,  which  was  purchased  by  the  State  Ore  Sampling  Co.  of  Denver. 
Half  of  it  netted  about  $1.60  a  unit.  The  other  half  was  sold  to 
Morris  Jones,  representing  the  Great  Western  Exploration  &  Reduc- 
tion Co.,  at  $60  per  ton,  or  about  $1  per  unit.  T.  S.  Waltemeyer, 
who  was  associated  with  Conger  and  Wanamaker,  concentrated 
the  ore. 

In  1901  the  reported  production  was  65  tons  of  concentrates  hav- 
ing a  tungstic  acid  content  of  65  per  cent.  This  was  sold  at  about 
$2.25  a  unit.  In  1902  the  market  was  extremely  dull  and  much  diffi- 
culty was  experienced  in  selling  the  concentrates,  but  considerable 
prospecting  and  some  development  were  done.  The  year  1903  was 
very  favorable  for  tungsten  producers,  and  in  the  Boulder  County 
field  there  was  considerable  development.  From  1903  until  nearly 
the  end  of  1907  production  was  reasonably  steady,  but  the  financial 
<Iep..;ession  late  in  1907  arrested  progress.  The  production  in  1908 
was  about  half  of  that  in  1907 ;  that  of  1909  was  only  slightly  below 
that  of  1907;  and  the  production  in  1910  exceeded  that  of  1907. 
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Until  the  end  of  1914  there  was  no  development  of  particnlar 
importance. 

BEVEI.OPMENT  SINCE  1915. 

By  the  middle  of  1915  the  demand  for  high-speed  tool  steel,  of 
which  timgsten  is  usually  a  component,  became  so  great  as  to  cause 
feverish  activity  among  the  owners  of  the  known  Boulder  County 
deposits.  Between  January  and  June,  1916,  there  were  10  mills 
treating  ferberite  ores  and  six  of  these  mills  were  new.  By  the  end 
of  June  five  old  mills  were  being  overhauled  to  supply  some  of  the 
demand  for  milling  capacity  and  three  new  ones  were  under  con- 
struction. 

In  the  tungsten  mining  camps  the  high  prices  brought  about  a 
boom  similar  to  the  booms  caused  by  important  gold  discoveries. 
Nederland,  which  had  been  a  little  village  of  a  few  dozen  homes, 
became  almost  overnight  a  bustling  town  of  3,000  or  more  inhabi- 
tants. Optimism  prevailed  throughout  the  entire  district,  and  fabu- 
lous prices  were  asked  for  properties  that  showed  nothing  more  than 
a  streak  of  tungsten  ore  in  the  bottom  of  a  10- foot  discovery  shaft. 
Leases  on  old  mine  dumps  and  mill-tailing  ponds  were  sought 
eagerly. 

The  price  of  tungsten  rose  to  unheard-of  heights,  $75  a  unit  or 
more  being  the  quotation  for  nearly  two  months,  and  at  least  one  lot 
is  known  to  have  been  sold  for  $105  a  unit.  Such  high  prices  caused 
the  large  users  to  import  tungsten  ores  from  South  America  and 
later  China,  as  these  foreign  ores  could  be  laid  down  in  this  country 
very  cheaply.  As  a  result  of  these  importations  the  market  broke 
rapidly,  and  during  the  latter  part  of  1916,  1917,  and  nearly  all  of 
1918  was  fairly  steady  at  about  $25  a  unit.  The  small  demand,  upon 
the  signing  of  the  armistice,  together  with  the  large  importations 
and  stocks  held  by  dealers,  forced  the  price  down  so  much  that  early 
in  1919  all  of  the  Boulder  County  producers  were  forced  to  suspend 
operations. 

TDmSQASB 


MINING  METHODS. 

In  general  the  ore  bodies  of  the  district  are  lenses  a  few  feet  long, 
but  a  few  ore  bodies  have  reached  the  exceptional  length  of  150  to 
200  feet.  These  extend  at  right  angles  to  the  strike  of  the  vein ;  they 
may  reach  a  width  of  14  feet.  The  veins  range  in  thiclniess  from  a 
fraction  of  an  inch  to  several  inches.  Most  of  the  shafts  are  com- 
paratively shallow — ^between  200  and  300  feet — although  one,  the 
Conger,  is  more  than  1,000  feet  deep.  Generally  the  veins  dip  steeply 
and  only  rarely  dip  as  low  as  45°. 
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In  development  the  usual  practice  is  to  crosscut  from  a  vertical 
shaft  until  a  vein  is  reached  and  then  to  follow  it  until  it  opens  out. 
Then  the  vein  is  stoped  by  shrinkage  stoping,  the  muck  line  being 
kept  at  a  suitable  distance  from  the  back  by  drawing  the  excess  ore 
through  chutes  into  cars  in  the  levels.  If  a  high-grade  streak  is  dis- 
covered, it  is  carefully  broken  out  and  kept  separate  from  the  lower- 
grade  ore;  usually  a  certain  amount  of  hand  sorting  is  done  in  the 
stopes.    As  a  rule  very  little  timbering  is  required. 

A  large  amount  of  placer  mining  has  been  done,  as  the  peculiar 
nature  of  the  veins  and  of  the  ferberite  is  conducive  to  the  formation 
of  placer  tungsten.  Surface  mining  has  been  carried  on  extensively 
by  open  cuts,  trenches,  and  shallow  shafts.  A  large  amount  of  rich 
ore  has  been  recovered  simply  by  picking  up  pieces  of  high-grade 
float  and  by  using  small  jigs  operated  by  hand  or  by  a  gasoline 
engine. 

Expensive  pumping  equipment  is  not  necessary,  as  the  veins  are 
comparatively  dry. 

Many  of  the  mines  are  away  from  the  creeks  where  most  of  the 
mills  are  situated,  and  the  ore  from  these  mines  must  be  hauled  by 
wagons  or  teams  or,  from  the  more  easily  accessible  properties,  by 
motor  trucks. 

HLXLLTNa  METHODS. 

As  there  are  many  small  mines  sending  different  kinds  of  ore  to 
the  mills  of  the  large  companies,  the  nature  of  the  mill  feed  varies 
widely.  The  difficulties  encountered  in  treating  small  lots  of  ores 
having  different  physical  characteristics  are  thoroughly  realized  by 
all  mill  men.  A  mill  well  equipped  for  treating  ores  in  which  the 
ferberite  occurs  coarsely  crystalline  may  not  efficiently  treat  the 
"hornstone"  ores,  which  require  extremely  fine  grinding  to  liberate 
the  tungsten  mineral.  For  this  reason  a  mill  must  be  equipped  to 
handle  any  ore  that  may  be  offered  or  take  the  chance  of  running 
short  of  ore  or  of  making  a  poor  recovery  from  the  ore  that  is 
treated. 

When  the  district  was  first  visited  by  the  writers  (January,  1919)  to 
get  data  for  this  report,  the  milling  capacity  largely  exceeded  the 
amount  of  ore  offered  for  treatment,  and  the  mills  were  running 
only  8  or  12  hours  a  day.  By  thus  running  on  a  comparatively  light 
feed  a  good  extraction  can  be  readily  obtained  by  a  properly  de- 
signed mill.  The  milling  capacity  of  the  district  seems  equal  to  any 
demands,  even  with  the  mines  operating  at  full  capacity. 

POWER  FOB  MINING  AND  MILLING. 

Steam  or  electric  power  is  used  at  the  larger  properties.  The 
smaller  properties  use  electricity  or,  where  only  a  small  plant  is  re- 
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quired  and  a  power  line  would  be  too  expensive,  gasoline  engines. 
The  electric  power  is  furnished  by  the  Colorado  Power  Co.,  which 
has  a  hydroelectric  plant  in  Boulder  Canyon,  a  few  miles  above 
Boulder,  the  reservoir  being  just  east  of  Nederland,  between  that 
town  and  Stevens  Camp. 

The  price  of  electric  power  on  a  monthly  basis  is  4  cents  per  kilo- 
watt hour  for  the  first  100  kilowatt  hours,  1.3  cents  for  the  next  150 
kilowatt  hours,  and  0.2  cent  for  all  above  this  /amount.  There  is  an 
additional  monthly  charge  of  50  cents  per  horsepower  demanded. 

OE0L0O7. 

George^  describes  the  general  geology  of  the  district  as  follows: 

The  area  Is  whoUy  within  the  pre-Gambrlan  belt,  caUed,  in  a  broad  way, 
the  Front  Range.  The  nearest  sedimentary  rocks,  except  receat  stream  and 
lake  deposits,  are  3  miles  to  the  east.  The  most  important  rock  is  granite, 
generally  more  or  less  gneissold.  Next  In  Importance  is  a  granitic  gneiss,  fre- 
quently grading  into  quartz-mlca-schlst  and  mica-schist.  While  the  areas  occu- 
pied by  these  two  units  are,  in  a  large  way,  well  defined,  there  are  nainerous 
bodies  of  gneiss  within  the  granite  and  numerous  bodies  of  granite  within  the 
gneiss.  In  a  number  of  places  there  is  no  well-defined  contact  line  between  the 
two,  but  a  band  or  zone  in  which  the  two  rocks  are  mingled  and  in  which  there 
is  frequently  a  gradual  transition  from  one  type  to  the  other. 

Cutting  the  gneissold  granite  and  the  gneiss  are  granite  intrusions  in  the 
form  of  dikes  and  Irregular  bodies.  In  the  western  and  northern  parts  are 
many  dikes,  ranging  in  composition  from  acidic  porphyries  to  latites,  andesites, 
diabase,  and  basalt. 

The  tungsten-bearing  veins  are  mostly  in  the  pre-Cambrian  granite, 
in  gneisses  that  are  believed  to  be  of  sedimentary  origin  and  at  the 
contact  of  the  two.  "Crossings"  and  "junctions"  are  likely  to  be 
accompanied  by  an  enrichment.  The  miners  believe  that  the  schis- 
tose part  of  the  gneiss  is  not  favorable  for  the  finding  of  ore  and 
that  the  best  ore  is  found  in  the  acid  rocks  rather  than  in  the  basic. 

OBE  MINERAL& 
FERBERITE. 

Tungsten,  in  Boulder  County  ores,  occurs  almost  entirely  as  fer- 
berite,  although  some  hiibnerite  is  found,  especially  near  Ward.. 
Scheelite  is  not  of  economic  importance,  but  is  occasionally  found 
as  small,  almost  microscopic  fragments  and  is  probably  an  alteration 
product  from  ferberite. 

According  to  Hess,^  ferberite  "  is  that  mineral  of  the  wolframite 
series  which  is  composed  wholly,  or  almost  wholly,  of  iron  tungstate, 
and  which,  like  other  wolframites,  crystallizes  in  the  monoclinic 
system." 

*  George,  R.  D.,  The  main  tungsten  area  of  Boulder  County,  Colo. :  Colorado  Oeol.  Surv., 
flnrt  report,  1908,  pp.  7-103. 

•Hess,  Frank  L.,  and  Sohaller,  Waldeniar  T.,  Colorado  ferberite  and  the  wolframite, 
series:  V.  S.  Geol.  Surv.  Bull.  663.  1914,  p.  7. 


B.    CRYSTALLIZED    FERBERITE   WITH   ELONGATED.  RHOMBIC 
CRYSTAL   FACES.    FROM    r4UGGET   MINE.    GRIFf 
COLO.     NATURAL  SIZE. 
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Except  for  its  occurrence  in  the  Boulder  district,  ferberite  is  com- 
paratively rare,  and  in  most  places  where  it  is  found  it  occurs  in  small 
quantities  only. 

Ferberite,  when  pure,  has  a  composition  that  may  be  expressed 
by  the  formula  FeW04,  corresponding  to  a  content  of  tungstic  oxide 
(WO3)  of  about  76  per  cent.  Its  specific  gravity,  determined  on  se- 
lected crystals,  is  7.499,  and  its  hardness  about  5.  Most  of  the  fer- 
berite in  the  Boulder  district  is  jet  black,  but  in  a  few  places  it  is 
brown;  the  crystals  and  cleavage  faces  are  usually  lustrous  black. 
The  streak  is  characteristically  chocolate-brown.  Like  other  wolf- 
ramites, ferberite  crystallizes  in  the  monoclinic  system.  The  cleav- 
age along  h  is  perfect,  and  some  specimens  show  a  parting  parallel 
to  a.'  The  mineral  is  brittle  with  an  uneven  fracture,  and  is  opaque, 
even  in  thin  sections,  as  prepared  for  microscopic  examination.  A 
splinter  of  pure  ferberite  fuses  to  a  crystalline  nonmagnetic  globule, 
but  some  of  the  ferberite  ifrom  the  Rogers  tract  is  almost  infusible 
before  the  blowpipe  F.nd  is  strongly  magnetic  after  heating.  The 
mineral  occurs  as  wedge-shaped  crystals,  coarse  to  finely  granular,  and 
in  the  variety  of  ore  locally  known  as  "  homstone  "  the  crystals  are 
so  intimately  associated  with  quartz  as  to  look  like  a  stain ;  very  com- 
monly small  crystals  are  coated  with  foreign  material.  Ferberite  is 
very  resistant  to  weathering ;  hence  it  has  formed  placer  deposits  that 
have  been  worked  successfully.  It  is  only  very  slightly  soluble  in 
acids.  Some  typical  forms  of  ferberite  are  illustrated  by  Plates  I 
and  II. 

QiTALITATIVE  TEST  FOR  TUNGSTEN. 

Ferberite  may  sometimes  be  confused  with  magnetite,  but  differs 
from  that  mineral  in  color  of  streak  and  in  being  nonmagnetic 
toward  a  permanent  magnet.  The  presence  of  tungsten  may  be  con- 
firmed as  follows: 

Grind  the  material  to  be  tested  very  fine  and  boil  with  concentrated 
hydrochloric  acid  for  about  five  minutes.  Sulphuric  acid  may  be 
used,  but  longer  boiling  is  required.  Nitric  acid  should  not  be  used. 
After  the  material  has  settled,  a  fine  yellow  powder  of  tungstic  acid  is 
usually  seen.  Upon  the  addition  of  granulated  zinc  or  tin  a  charac- 
teristic beautiful  blue  color  is  produced,  which  may  be  followed  by 
violet  and  brown. 

CHABACTEBISTICS  OF  THE  OBE. 

Hess  *  describes  the  Boulder  County  ore  as  follows : 

The  amount  and  character  of  the  pangue  in  the  veins  differ  greatly  In 
different  parts  of  the  field.     Quartz,  the  universal  vein  mineral,  occurs  in 


•  Dana,  E.  S..  System  of  Mineralogy,  6th  ed.,  p.  OS.'J.  1009. 

*  Hesa,  Frank  L..  and  Schaller,  W.  T.,  Colorado  ferberite  and  the  wolframite  series : 
U.  8.  Geol.  Survey  Bull.  683,  1914,  pp.  10-11. 
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smaller  quantities  in  the  ferberlte  veins  than  in  most  veins.    Only  a  very  little 
visibly  crystallized  quartz  in  the  ferberite  veins  has  come  to  my  attention. 
There  is,  however,  in  most  if  not  all  of  the  veins  of  the  northeastern  part  of 
the  field,  and  in  many  of  the  wider  veins  of  the  southwestern  part  of  the  field,  a 
very  fine-grained  gray  or  brown  quartz,  known  as  *'  bone,"  which  has  a  fracture 
very  much  like  that  of  chalcedony  and  which  is  largely  a  replacement  of  the 
country  rock.    The  ferberite  in  the  northeastern  part  of  the  field  appears  to  be 
less  well  crystallized  than  in  the  southwestern  half-    It  occurs  in  some  of  the 
veins  In  minute  particles,  mixed  with  quartz,  so  that  in  many  places  the  ore 
is  difficult  to  concentrate,  although  the  total  percentage  of  WO«  may  be  as  high 
or  higher  than  in  ores  which  are  easily  and  profitably  worked. 

In  the  southwestern  part  of  the  field  the  narrower  Individual  veins  are  made 
up  almost  wholly  of  ferberite,  which  has  grown  from  both  sides  of  the  crevices 
and  forms  combs  of  small  crystals  that  coalesce  tU  their  bases.  The  combs  are 
of  fairly  uniform  thickness,  so  that  although  in  the  narrower  crevices  they  may 
have  met  and  grown  together,  in  the  wider  cracks  they  form  bristling  cnists 
of  crystals  on  each  side.  In  places  these  crystals  are  clean  and  bright,  but 
generally  very  small,  from  one  to  three  thirty-seconds  of  an  inch  (1  to  2  milli- 
meters) across.  Most  of  the  crystals  are  covered  with  a  coating  of  impure 
chalcedony,  which  in  some  specimens  is  mixed  with  opal  and  in  others  contains 
much  iron.  The  coating  generally  includes  small  crystals  of  ferberite,  which 
are,  of  course,  of  a  later  generation  than  those  on  the  walls.  Some  vugs  3  or  4 
inches  across  are  entirely  filled  with  such  a  mixture. 

In  places  the  country  rock,  instead  of  being  sheeted,  is  crushed  into  smaller, 
more  nearly  equldimensional  fragments,  which  may  not  be  over  cme-eighth  inch 
(3  millimeters)  in  diameter.  Ore  in  which  fragments  of  rock  no  larger  than 
half  an  inch  (13  millimeters)  across,  are  embedded  In  ferberite,  is  popularly 
known  as  "peanut"  ore,  from  Its  resemblance  to  peanut  candy.  The  frag- 
ments of  the  breccia  vary  greatly  In  size,  and  when  the  fragments  are  larger 
the  breccia  Is  characterized  by  vugs  lined  with  ferberite  crystals.  Many  of 
the  veins  have  been  opened  several  times,  so  that  the  ferberite  itself  is 
breccia  ted. 

MINERALS  ASSOCIATE!)  WITH  THE  EEBBEBITE. 

In  the  ferberite  veins  of  the  main  part  of  the  field  there  are  few 
associated  minerals  except  quartz.  Near  the  gold-silver  bearing  areas 
there  is,  of  course,  a  mixture  of  the  minerals  of  the  several  vein 
groups.  Hess  and  Schaller'  have  described  in  detail  the  minerals 
associated  with  ferberite  taken  from  the  Boulder  district.  These 
minerals  comprise  adularia,  calcite,  chalcedony,  chalcopyrite,  galena, 
gold  and  silver,  hiibnerite,  wolframi^,  hamlinite,  hematite  (specu- 
lar) ,  limonite,  magnetite,  molybdenite,  opal,  pyrite,  quartz,  sheelite, 
sphalerite,  and  sylvanite.  For  a  detailed  account  of  the  occurrence, 
association,  and  amounts  of  these  minerals  the  reader  is  referred  to 
the  report  cited. 

■  Hoss,  F.  L.,  find  Schaller,  W.  T.,  Colorado  ferberite  and  the  wolframite  series :    U.  S. 
Geol.  Survey  Ball.  583,  1014,  pp.  12-17. 
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CONDITIONS  aOVEiLNING  HILLING  PBACTICE. 

Most  of  the  mills  in  the  district  attempt  to  produce  a  concentrate 
containing  60  per  cent  tungstic  oxide,  although  some  that  have  re- 
finery connections  can  market  a  product  carrying  as  low  as  40  per 
cent.  The  grade  of  concentrates  produced  may  be  considered  ac- 
cording to  the  requirements  of  the  three  main  uses  to  which  they  are 
put:  (1)  Ferrotungsten,  (2)  tungsten  powder  (metallic  tungsten), 
(3)  tungstic  oxide  (tungstic  acid). 

As  noted  above,  the  general  standard  is  that  the  concentrates  shall 
contain  at  least  60  per  cent  tungstic  oxide.  As  pure  f  erberite  contains 
76  per  cent  tungstic  oxide,  the  margin  for  obtaining  the  desired  re- 
sult by  wet  concentration  may  seem  ample  at  first  sight,  especially 
as  the  specific  gravity  ferberite  is  about  7.5  and  that  of  the  gangue 
is  between  2.5  and  3.  But  the  ferberite  is  very  brittle,  slimes  easily, 
and  the  great  problems  of  milling  ferberite  ores  are  efficient  handling 
of  the  slimes  produced  and  crushing  so  as  to  liberate  the  ore  particles 
with  a  minimum  amount  of  sliming.  An  adjustment  of  the  con- 
centrating devices  to  produce  a  high-grade  product  results  in  a  lower 
recovery,  whereas  attempts  at  a  high  recovery  result  in  a  compara- 
tively low-grade  product.  This  fact  must  be  kept  in  mind  when 
recoveries  are  considered;  both  the  recovery  and  the  grade  of  the 
product  made  should  be  known.  A  mill  reporting  a  recovery  of  75  per 
cent  may  seem  to  be  doing  poorer  work  than  another  reporting  90 
per  cent,  but  the  first  mill  may  be  producing  a  concentrate  of  so 
much  higher  grade  that  comparatively  it  is  doing  excellent  work. 

By  hand  sorting  some  ores  a  small  amount  of  60  per  cent  ore  may 
be  obtained,  but  only  rarely  is  a  product  better  than  60  per  cent 
made.  Hand  sorting  usually  does  not  pay,  as  the  greater  part  of 
the  ore  remains  to  be  crushed  and  concentrated. 

The  difference  in  amenability  to  treatment  among  ores  from  differ- 
ent localities,  and  even  among  ores  from  different  parts  of  the  same 
vein,  adds  to  the  difficulty  of  concentrating  Boulder  County  ores.  A 
low-grade  ore  may  be  more  valuable  than  one  of  higher  grade  be- 
cause it  is  easier  to  concentrate  and  yields  a  higher  recovery.  This 
difference  depends  entirely  upon  the  physical  association  of  the 
ferberite  with  the  quartz.  In  some  ores  the  ferberite  crystals  may  be 
easily  freed  from  the  quartz ;  in  treating  such  ores  fine  crushing  is 
not  necessary  and  sliming  losses  are  greatly  reduced.  These  ores 
grade  imperceptibly  into  those  locally  known  as  "hornstone,"  so 
called  from  the  blending  of  white  and  black,  resembling  that  often 
seen  near  the  tip  of  the  horns  of  cattle.  Such  ores  seem  to  be  chalce- 
dony with  only  enough  ferberite  to  give  a  dark  color.  The  appear- 
ance indicates  a  simultaneous  deposition  of  the  ferberite  and  quartz, 
with  neither  one  impregnating  the  other. 

30537°— 21 2 
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This  difference  in  mill-saving  quality  is  strikingly  brought  out  by 
the  examination  of  results  obtained  by  testing  ores  of  different  char- 
acter. Several  mill  tests  to  illustrate  this  point  are  given  by  Victor 
G.  Hills.*  The  tests  were  made  in  February,  1905,  and  the  results 
are  shown  in  Table  1. 

The  lots  were  tested  on  the  same  day.  with  the  same  tables,  operated 
by  the  same  men,  and  hence  show  unmistakably  the  difference  in  the 
nature  of  the  ores : 

Table  1. — Mill  tests  made  in  1905. 


Test  number 1 

Contents  of  crude  are,  %WOs. ]  U.66 

Contents  of  coarse  concentrates,  %W  Os. 67. 64 

Contents  of  slime  oanoentrates.%wOs ,  6&60 

Contents  of  total  mixed  concentrates,  %WOt 67. 59 

Per  cent  saved 83.40 

Ter  cent  of  concentrates  caught  as  slime '  4. 80 

Per  cent  of  WOs  saved  in  the  slime 4.65 

Concentration  ratio. '  6.95 


1 

2 

1 

3 

14.83 

14.14 

60.10 

35.60 

64.40 

44  20 

6a20 

35.90 

72.60 

52.70 

3.30 

4.50 

3.53 

5.50 

5.60 

4.82 

5.31 
28.32 
49.52 
29.40 
32.20 
5.33 
9.11 
17.18 


Numbers  1  and  2  are  from  the  we^t  side  of  the  district  and  numbers  3  and  4 
are  from  the  east  side. 

A  selected  piece  from  lot  No.  3,  without  visible  quartz  or  other  impurity,  ap- 
parently a  solid  mass  of  amorphous  or  cry ptocry stall ine  ferberite,  had  a  specific 
gravity  of  3.01  and  analyzed  as  follows : 

« 

Analysis  of  apparently  amorphous  ferherite. 

Per  cent. 

WOa  30.96 

Iron  10.20 

Manganese  0.82 

Silica 34.44 

From  an  insi)ection  of  this  analysis,  in  connection  with  columns  3  and  4  above, 
it  is  evident  that  a  good  grade  of  concentrate  can  be  made  from  this  ore  only 
by  extremely  fine  crushing,  and  then  the  slime  loss  must  be  abnormally  high. 
Even  then  it  is  doubtful  whether  a  60  per  cent  product  could  be  made. 

MILLIKO  PBACTICE. 

CAPACITY  OP  TUNGSTEN  MILLS. 

The  capacities  of  tungsten  mills  are  not  expressed  by  the  number 
of  tons  treated  in  24  hours  but  by  the  amount  of  tungstic  oxide  pro- 
duced. The  standard  used  in  marketing  tungsten  is  usually  the 
"  unit "  1  per  cent  of  a  ton,  or  20  pounds.  An  ore  carrying  5  per  cent 
WOg  is  said  to  contain  five  units  (100  pounds  WOg) ;  and  one  carry- 
ing 60  per  cent,  60  units  (1,200  pounds  WO3).  Obviously  there  is  a 
great  difference  in  two  mill-runs  of  25  tons  each,  when  one  contains 


•  Hills,  Victor  G.,  Tungsten  mining  and  milling :  Proc.  Colorado  Sd.  Soc,  vol.  9.  1^08- 
1011,  p.  140. 
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5  per  cent  WO,  and  the  other  20  per  cent  WO„  although  the  tonnage 
is  the  same ;  the  second  run  contains  four  times  as  many  units  treated 
as  the  first.  The  capacity  of  a  mill  in  tons  must  state  also  the 
grade  of  ore. 

EABLT  PRACTICE. 

In  early  development  of  this  district  the  ores  were  concentrated  in 
stamp  mills  designed  for  handling  gold  ores.  Although  the  crushing 
equipment  of  these  mills  was  practically  unchanged,  slime  tables 
were  added  and  the  classifying  and  dewatering  devices  were  modified, 
so  that  the  table  work  was  new.  As  was  to  be  expected,  such  mills 
were  not  at  all  efficient  in  treating  the  ferberite  ores.  The  average 
recovery  prior  to  1907  was  probably  about  50  per  cent,  and  a  re- 
covery of  60  per  cent  was  considered  good  work.  However,  this  was 
not  poor  mill  practice  when  the  conditions  under  which  the  mills 
operated  are  considered.  The  market  was  uncertain  and  the  prices 
paid  for  the  concentrates  were  never  very  high.  Many  of  the  ore 
deposits  were  relatively  small  and  the  finances  of  many  of  the  operat- 
ing companies  permitted  only  a  minimum  development.  The  use  of 
existing  mills  was  cheaper  than  the  erection  of  new  ones  of  better 
design  as  future  conditions  might  not  warrant  the  expenditure. 

PRACTICE  AT  WOLT  TONGUE  MILL  IN   1905. 

A  description  of  one  of  the  old  stamp  mills,  the  Wolf  Tongue  mill 
at  Nederland,  is  given  by  Van  Wagenen.^ 

The  ore  is  dumped  into  bins  from  the  wagons,  thence  over  2-lnch  grizzleys, 
ttirough  a  7  by  10  Blake  crusher  to  a  20-stamp  battery,  the  stamps  of  which 
weigh  1,000  pounds,  drop  6  inches,  90  times  a  minute,  through  a  20-mesh 
long-slot  screen ;  thence  by  launder  to  a  hydraulic  classifier  which  makes  three 
products.  The  coarse  goes  to  two  No.  5  Wilfley  tables,  the  middlings  to  a  No.  3 
Wilfley,  and  the  slimes  to  two  other  No.  3  Wilfleys. 

Tables  Nos.  1  and  2  (the  No.  5  tables)  make  four  products — a  finished  con- 
centrate ;  a  first  middling,  which  is  returned  to  the  head  of  the  table ;  a  second 
middling,  which  goes  to  the  Wilfley  slimers;  and  a  tailing.  Tables  Nos.  3  and 
4  make  two  products — a  finished  concentrate  and  a  tailing  for  the  slimers. 
There  are  five  12-foot  Wilfley  sUmers.  The  slimes  from  the  five  concentrating 
tables  are  brought  together  in  a  tank  and  distributed  to  four  of  the  slimers, 
each  of  which  makes  three  products — a  finished  concentrate,  a  finished  tailing, 
and  a  middling  taken  from  the  four  last  panels.  The  middUng  goes  to  the 
fifth  slimer  where  two  products  are  made — a  concentrate  and  a  tailing.  The 
iniU  treats  25  tons  in  12  hours.    The  concentration  is  15  to  1. 

FIRST  MILL  ERECTED  80LELT  FOR  TREATING  TUNGSTEN  ORES. 

In  the  summer  of  1907  the  Clarasdorf  mill  was  erected  on  Middle 
Boulder  Greek,  about  11  miles  from  Boulder,  on  the  Eogers  tract, 

» Van  Wagenen,  H.  R.,  Tungsten  In  Colorado :  Frenzel  Prixe  Thesis,  Colorado  School  of 
Mines,  1906. 
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for  the  concentration  of  the  ores  produced  from  that  property.  This 
was  the  first  mill  to  be  erected  solely  for  treating  tungsten  ores.  A 
view  of  the  Rogers  tract  and  the  Clarasdorf  mill  is  shown  by  Plate 
III,  A  and  B. 

An  excellent  description  of  the  ore-dressing  practice  during  1906 
and  1907  is  given  by  Hills.* 

The  mill  of  which  the  work  is  given  below  is  that  operated  by  the  Colorado 
Tungsten  Corporation.  It  is  located  in  the  city  of  Boulder,  nnd  was  formerly 
known  as  the  *'Boyd  Mill."  There  is  a  jaw  crusher,  ten  1,000-pomid  stamps. 
4  standard  WUfley  tables,  2  Wilfley  slime  tables^  and  8  Monell  slime  tables, 
and  stationary  canvas.  The  table  surface  was  large  even  when  using  all  of  the 
stamps ;  and  the  proportion  of  table  area  was  sometimes  increased  by  hanging 
up  some  of  the  stamps.  Usually  with  ore  reducing  10  or  more  to  1  all  of  thi^ 
stamps  were  used,  while  with  ore  reducing  5  to  1,  only  five  stamps  were  used 
with  all  of  the  tables,  thus  doubling  the  table  area  per  ton  of  ore ;  and  for  other 
grades  of  ore  stamps  would  be  used  in  about  the  same  proportion.  With  10 
stamps  the  capacity  of  the  mill  was  a  trifle  more  than  1  ton  per  hour.  Ex- 
periments were  made  with  screens  of  from  12  mesh  to  40  mesh ;  different  ores 
called  for  different  sizes.  Of  the  two  veins  producing  the  greater  portion  of  the 
ore  treated  at  this  mill,  16  mesh  proved  the  most  efficient  for  one  and  20  mesh 
for  the  other. 

The  pulp  was  classified  and  passed  over  the  four  standard  tables.  The  coarse 
tailing  from  the  first  table  was  discarded  at  once,  carrying  usually  about  0.4 
per  cent  WOs.  The  tailing  from  the  second  table  was  reground.  The  tailinjrs 
from  the  third  and  fourth  tables  went  each  to  a  separate  Wilfley  slime  table. 
The  tailings  from  these  two  tables,  mixed,  went  to  four  Monell  tables. 
The  tailings  from  these  went  to  a  settling  spitzkasten,  from  which  the  coarse 
material  went  to  t^t'o  more  slime  tables  and  the  slime  to  the  stationary  canvas. 
There  were  many  changes  from'  time  to  time  in  the  methods  of  distribution  and 
classification,  but  the  above  is  the  plan  in  use  during  the  greater  part  of  the 
last  year.  Owing  to  the  poor  condition  of  the  building  and  machinery  ther»» 
would  usually  be  only  six  or  seven  of  the  eight  slime  tables  in  operation  at 
any  one  time. 

During  the  last  month  of  operation  another  large  spitzkasten  and  two  more 
slime  tables  were  added,  taking  the  finer  material  from  the  last  classifier. 

The  crude  ore,  the  coarse  concentrate,  the  slime  concentrate,  the  coarse  tail- 
ing, and  the  slime  tailing  were  each  sampled  for  every  lot  of  ore.  A  mill  record 
book  was  kept  having  14  columns  as  follows:  (A)  Number  of  run;  (B)  number 
of  shaft;  (C)  gross  weight  on  cars;  (D)  percentage  of  moisture;  (E)  crude 
ore,  dry  weight;  (F)  assay  of  crude  ore;  (G)  pounds  of  tungstic  acid  in  ore: 
(H)  pounds  of  concentrates  saved;  (I)  aSvsay  of  concentrates;  (J)  tungstio 
acid  saved;  (K)  portion  of  tungstic  acid  in  clean-up  belonging  to  this  lot;  (I^^ 
total  tungstic  acid  saved;  (M)  percentage  saved;  (N)  ratio  of  concentration. 

There  were  also  forms  for  daily  and  monthly  reports. 

There  Is  a  record  of  245  lots.  Table  2  shows  the  best  and  the  poorest  of 
the  eceonomic  results.  They  are  selected  and  arranged  to  illustrate  three  points*. 
The  difference  in  character  of  the  ores  from  different  veins,  the  difference  In 
the  saving  qualities  between  the  oxidized  and  the  deep-level  ore  from  the  same 
vein,  and  the  difference  in  the  mill  saving,  with  different  appliances  on  the 
same  kind  of  ore. 


•Hills,  Victor  (;.,  Tungsten  mining  and  milling:  Proc.  Colorado  Scl.  Soc,  vol.  0,  1908- 
1911,    pp.    141-149. 
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Table  2. — Representative  mill  ivork  en  tungsten  ores  during  1906  and  1901. 


Lot. 


Mine. 


1... 
2... 
3... 
4... 
5... 
6... 
7... 
8... 
9... 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
IS.. 
19.. 
20.. 
21.. 


A 

B 
C 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
E 
K 
E 
£ 
E 
E 
E 


Crude 

ore,  per 

cent 

WO,. 

Concen- 
tration 
ratio. 

Conoen- 

trates.per 

cent 

WOj. 

16.67 

4.70 

65.41 

12.43 

7.96 

54.49 

«.07 

1SL81 

40.87 

8.07 

&69 

62.17 

12.03 

7.10 

65.12 

6.09 

12.05 

62.11 

6.48 

11.91 

64.88 

6.82 

11.49 

(12.15 

6.97 

11.15 

62.45 

5.83 

13.61 

62.25 

7.50 

11.04 

62.93 

4.31 

18.58 

50.13 

5.16 

14.57 

aL42 

5.54 

13.28 

61.20 

9.51 

&93 

62.69 

9.94 

8.27 

60.48 

8.67 

9.43 

61.38 

10.08 

8.53 

60.48 

8.11 

9.68 

60.41 

5.31 

14.72 

60.27 

5.27 

14.15 

61.01 

Saving, 
per  cent. 


85.22 
56.19 
5.03 
88.91 
76.44 
85.62 
84.78 
80.35 
81.35 
80.00 
79.06 
74.84 
82.74 
87.38 
75.11 
75.08 
76.50 
73.47 
77.46 
81.58 
86.52 


Lots  1  to  7  are  oxidized  ores  and  nil  others  are  from  deep  levels. 
Ix>t   1  is  one  of  the  best  showings   made  from   a   small   vein   with   little 
development. 

Lot  2  is  from  a  vein  near  Boulder  Falls  and  is  an  example  of  one  of  the  best 
ores  ever  treated  from  the  east  side  of  the  district. 

Lot  3  is  the  poorest  ore  ever  brought  to  the  mill  (lowest  in  quantity  that  could 
be  saved).  It  came  from  the  east  side  of  the  district.  It  is  readily  seen  that 
while  the  amount  of  tungstlc  acid  in  the  crude  o^e  compares  favorably  witli 
the  average  ore  of  the  district,  the  ore  was  commercially  worthless.  There  was 
not  enough  of  it  saved  Ur  pay  the  cost  of  running  it  through  the  mill.  It  shows 
how  an  engineer,  depending  on  his  assays,  without  mill  tests,  might  report 
favorably  on  a  worthless  mine.  This,  I  understand,  has  actually  been  done  in 
this  district 

Lots  4,  5,  6,  and  7  are  of  partly  oxidized  ores,  and  lots  8,  9,  10,  11,  12,  and  13 
are  deep-level  ores  from  the  same  vein,  worked  imder  substantially  the  same 
mill  equipment.  No.  14  Is  the  only  lot  from  this  vein  treated  after  the  latest 
additions  to  the  mill  and  is  from  the  deepest  level — ^180  feet  on  the  dip  or  140 
feet  vertically  below  the  surfftce. 

Lots  15, 16, 17, 18,  and  19  are  from  another  mine,  320  feet  deep,  at  that  time — 
1907 — the  deepest  mine  in  the  district.  Theae  lots  were  treated  under  the  same 
mill  arrangements  as  lots  8  to  13. 

Lots  20  and  21  are  the  same  ore  as  lots  15  to  10,  treated  with  the  latest  addl- 
tion.s  to  the  mill. 

The  tungstlc  acid  value  of  the  several  products,  wh»i  working  on  normal  deep- 
level  ores,  was  usually  as  follows : 

Percent 

Standard  tables 62    -64 

Wilfley  slime  tables 57    -59 

Monell  slime  tables 35    -40 

Stationary  canvas 23    -27 

Coarse  tailings .2-    .6 

Slime  taiUngs 2-4 

The  slime  tailing  often  varied  widely  with  the  ratio  of  concentration. 
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The  output  of  the  mill  averaged  above  60  per  cent  WOa.  Such  few  lots  as 
carried  below  that  figure  were  mixed  with  higher-grade  lots  so  that  nothing  was 
marketed  below  the  standard. 

The  lessons  to  be  drawn  from  this  exhibit  are : 

(a)  That  a  comparison  between  the  work  of  different  mills  is  futile  unl€»ss 
they  were  operating  on  the  same  kind  of  ore.  Whenever  any  statement  is  made 
concerning  the  per  cent  of  saving  from  any  mill,  three  questions  should  at  once 
be  asked :  First,  from  what  part  of  the  district  was  the  ore  produced?  second, 
was  It  oxidized  or  unoxidized  pre?  third,  what  was  the  grade  of  the  concentrate 
produced?  I  have  heard  that  mills  now  operating  in  this  district  are  marketing 
material  down  to  a  30  per  cent  grade.  It  needs  no  demonstration  to  show  that 
if  this  mill  had  been  allowed  to  make  any  such  low-grade  product,  the  per  cent 
of  saving  could  have  been  readily  increased. 

(&)  Oxidized  ore  concentrates  a  little  better  than  the  unaltered  ore  from  the 
same  vein.  I  regard  this  as  due  entirely  to  the  difference  in  the  physical  con- 
dition of  the  gangue  and  the  accompanying  granite. 

(e)  The  addition  of  the  large  settling  and  sizing  spitzkasten,  with  two  more 
tables  and  additional  canvas  surface,  made  a  material  increase  in  the  saving, 
and,  as  would  be  expected,  the  additional  saving  was  the  greater  with  the  ore 
which  passed  the  finer  mesh  screen. 

(d)  The  product  of  stationary  canvas  tables  is  low  grada  It  must  be 
retreated  on  tables  to  secure  a  high-grade  concentrate. 

Table  3  gives  some  analyses  of  concentrates  made  at  the  Clarasdorf  mill 
during  1907, 


Table  3. — Analyses  of  tungsten  concentrates  from  Clarasdorf  miU  during  J907. 


Sampln  No . ,  , . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

- 

TiinirstAn  nxidn 

67.99 
32.67 

59.62 

29.55 

2.67 

1.37 

.76 

.01 

8.42 

59.62 

30.01 

2.09 

l.U 

.76 

.02 

7.64 

58.21 

29.13 

2.34 

1.24 

.77 

.01 

9.66 

56.84 

26.69 

2.55 

1.36 

.75 

.02 

11.25 

-   48.44 

37.07 

.02 

.01 

2.65 

.01 

11.51 

38.46 

39.31 

.51 

.27 

3.10 

.01 

18.61 

38.59 

34.01 

2.59 

1.38 

2.67 

.01 

22.13 

52.38 

Iron  oxide 

26.40 

Iron  siinhidfi .       

3.25 

SulDhur             

1.73 

Manganese  oxide 

1.02 

Trace. 

8.32 

.70 

PhosDhorus 

.02 

Silicon  dioxide 

17.25 

These  are  mostly  from  the  poorer  grades  of  concentrate. 

No.  1  is  from  the  mine  designated  as  mine  **  D  "  in  the  table  of  millwork. 
This  vein  produced,  I  believe,  a  better  quality  of  ore  than  any  that  has  so  far 
been  worked  in  the  district. 

Nos.  2,  3,  4,  and  5  are  from  mine  "  B."  They  are  of  mixed  concentrates  and 
represent  ores  from  the  deepest  workings. 

No.  6  is  from  mine  **  B,*'  near  Boulder  Falls.    It  was  oxidized  ore. 

Nos.  7  and  8  are  from  veins  at  the  east  side  of  the  district. 

No.  9  is  an  analysis  of  a  slime  concentrate  from  one  of  the  better  veins  near 
Nederland. 

The  following  description  of  the  Wolf  Tongue  mill,  as  it  was  in 
1913,  compared  with  Van  Wagenen's  description  of  it  in  1905,  shows 
the  development  of  tungsten  milling.     Blake  crusher  and  rolls  have 
been  substituted  for  stamps  as  primary  crushers,  jigs  have  been 
added,  and  the  table  work  has  been  much  improved. 


MILLING  PRACTICE.  28 

PRACTICE  AT  WOLF  TONGUE  KILL  IN  1918.* 

The  Wolf  Tongue  mill  and  power  plant  are  adjacent  to  each  other  on  Middle 
Boulder  Creek,  at  Nederland.  The  ore  Is  hauled  from  the  various  mines  by 
wagons  and  dumped  in  four  15-ton  ore  pockets.  Ore  running  better  than  50 
per  cent  W0»  is  shoveled  to  a  5  by  8  inch  Sampson  crusher  set  to  1  inch,  which 
dumps  to  a  chain-and-sprocket  elevator  with  4  by  4  by  6  Inch  cups  and  a  Id-foot 
lift.  This  elevator,  running  at  a  speed  of  88  feet  a  minute,  dumps  to  a  Vezln 
sampler,  which  makes  a  one-tenth  cut,  the  sample  reject  going  to  a  4-ton  bin, 
from  which  it  is  sacked  and  shipped. 

The  lower  grade  is  shoveled  to  an  8  by  10  inch  Colorado  Iron  Works  Blake 
crusher,  set  to  1  inch  and  making  208  revolutions  per  minute.  From  the  crusher 
it  goes  to  a  set  of  14  by  32  inch  MacFarlane  comish  rolls,  set  to  one-fourth  inch 
and  driven  at  a  speed  of  110  revolutions  per  minute  by  a  48-inch  wooden  "  bull 
wheel "  and  friction.  The  rolls  discharge  to  an  elevator  similar  to  the  one 
described ;  this  raises  the  ore  20  feet  to  a  Vezin  sampler,  which  makes  a  one- 
sixteenth  cut,  the  reject  going  to  an  elevator  which  raises  it  30  feet  and  chutes 
it  to  one  of  the  three  30-ton  bins,  In  which  it  is  held  until  settlement  is  made 
with  the  lessee.  These  bins  are  provided  in  the  mill  with  gates  from  which  the 
ore  may  be  chuted  to  the  elevator  which  raised  it  to  the  bin  and  delivered 
through  another  chute  to  the  Jig  bin,  and  on  the  outside  with  gates  through 
which  it  may  be  unloaded  and  hauled  away,  if  for  any  reason  the  lessee  decides 
not  to  have  it  treated.  All  of  the  above  machinery  is  driven  by  a  50-horsepower 
motor. 

After  settlement  is  made  the  ore  is  delivered  to  the  elevator  and  chuted  to  a 
20-ton  bin,  from  which  a  plunger  feeds  It  to  the  screen  line,  consisting  of  two 
3  by  7  feet  trommels  with  6  and  12  meshes  per  inch.  Elach  trommel  sends  its 
oversize  to  a  two-compartment  Harz  Jig.  These  Jigs  work  through  side  and 
hutch,  making  concentrates  in  both  compartments,  that  from  the  first  com- 
partment assaying  53  to  55  per  cent  and  that  from  the  second  25  per  cent. 
They  are  sacked  and  shipped  as  separate  products.  A  15-horsepower  motor 
drives  the  Jigs  and  trommels. 

The  jig  tailing  goes  to  a  50-ton  battery  bin,  from  which  it  is  fed  by  Chal- 
lenge feeders  to  three  of  four  five-stamp  batteries.  The  stamps  weigh  900 
pounds  each  and  drop  5  inches  with  even  discharge,  each  stamp  crushing  2 
tons  per  24  hours  from  |  inch  through-  18-mesh  Ton-cap  screens.  The  fourth 
battery  is  used  for  regrindlng,  as  many  stamps  as  may  be  necessary  being 
dropped  for  this  purpose.  The  even  discharge  Is  used  to  minimize  the  amount 
of  slime  produced.  A  35-horsepower  motor  drives  the  batteries  and  two  Frenler 
pumps  mentioned  later.  The  battery  discharge  goes  to  an  8  by  44  inch  Frenler 
pump,  which  lifts  the  pulp  15  feet  and  discharges  it  to  a  tank,  to  which  the 
tinders ize  of  the  second  trommel  of  the  screen  line  flows  by  gravity. 

On  the  table  floor  below  the  batteries  are  one  Wilfley  and  five  Card  tables 
with  speed  and  stroke  as  follows :  240  revolutions  per  minute,  }  Inch ;  260  revo- 
lutions per  minute,  i  Inch ;  270  revolutions  per  minute,  i  inch ;  270  revolutions 
per  minute,  i  inch;  285  revolutions  per  minute,  i  Inch;  258  revolutions  per 
minute,  }  inch.  The  last  table  is  a  Wilfley,  and  is  used  for  treating  the  re- 
crushed  product.  Classifloation  is  by  means  of  three  small  shaking  screens 
designed  by  William  I^)ach,  manager  of  the  Wolf  Tongue,  and  peculiar  to  this 
plant.  The  screen  consists  of  an  eccentrically  operated  galvanized-iron  hopper 
with  a  screen  Inside,  so  that  the  oversize  is  discharged  to  the  table  and  the 
undersize  passes  out  of  the  bottom  of  the  hopper  and  on  to  the  next  screen. 

•  Palmer,  Leroy  A.,  Tungsten  in  Boulder  County,  Colo. :  Bng.  and  Min.  Jour.,  vol.  96, 
July  19,  1913,  p.  09. 
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The  first  three  tables  are  provided  with  these  sizers,  as  follows:  ^mesh,  240 
i-inch  strokes;  40-mesh,  260  i-inch  strokes;  90-mesh,  280  f-inch  strokes.  They 
are  found  to  give  Satisfaction. 

The  first  five  tables,  the  Cards,  make  two  grades  of  concentrate,  a  first  grade 
mnning  from  62  to  65  per  cent,  and  a  second  grade  running  from  26  to  30  per 
cent.  All  tailing  from  the  first  table  Is  reground,  but  the  second  and  third  make 
a  rejection.  The  fourth  and  fifth  treat  the  underslze  of  the  last  shaking  screen 
and  send  all  tailing  to  the  slimers.  All  middling  frony  the  first  three  and  last 
tables  goes  to  an  8  by  44  inch  Prenier  pump,  which  elevates  it  21  feet  to  the 
regrind  battery,  where  it  is  passed  through  a  60-mesh  screen  and  sent  to  the 
Wilfley  table,  which  makes  only  second-grade  concentrate  and  middling.  A 
20-horsepower  motor  drives  the  tables  and  slzers. 

Slime  is  treated  on  three  Monell  slimers.  This  is  a  comparatively  unknown 
machine,  but  has  given  good  results  on  this  ore.  It  consists  of  a  rubber-edged 
canvas  belt  with  an  exposed  surface  of  5  by  18  feet  and  a  transverse  slope  of 
2  inches.  Feed  is  discharged  lengthwise  for  a  length  of  12  feet  along  the  upper 
edge  of  the  b^t  from  a  perforated  pipe  and  wash  water  is  fed  on  at  the  con- 
centrate end.  It  has  a  belt  speed  of  1  foot  per  minute  and  receives  260  i-lnch 
strokes  longitudinally  from  an  eccentric  without  differential  motion.  The 
slimer  feed  consists  of  the  middling  of  the  fourth  and  fifth  Ganl  tables  and  the 
overflow  of  the  table-feed  tank,  one  slimer  to  each  of  the  above  products.  The 
slimers  make  second-grade 'concentrate  and  the  tailing  is  sent  to  a  double-com- 
partment concrete  sump,  18  by  18  by  4  feet.  While  this  tank  is  filling,  quick- 
lime, in  the  proportion  of  20  pounds  per  100  tons  of  tailings,  is  added  to  settle 
the  colloids,  which  othexwise  w^ould  remain  in  suspension  almost  indefinitely. 
As  many  of  these  fine  particles  consist  of  valuable  mineral  too  fine  to  be  re- 
covered by  any  process  yet  devised,  it  is  sometimes  found  advisable  to  ship 
the  slimer  tailing  as  second-grade  concentrate.  AH  tailing  of  ore  running  over 
20  per  cent  WOs  is  treated  in  these  tanks  and  either  shipped  or  pumped  back 
by  an  8  by  44  inch  Frenier  pump  and  re-treateil.  A  lo-horsepower  motor  drives 
the  slimers,  Frenier  pump,  2-inch  centrifugal  pump  for  delivering  slime  con- 
centrate to  the  drier,  and  a  small  compressor  for  cleaning  the  motors. 

The  concentrates  are  dried  and  shipped  to  the  Firth-Sterling  Steel  Co.,  Mc- 
Keesport,  Pa.,  where  their  principal  use  is  in  the  manufacture  of  ferrotungsten. 
First  grade  is  settled  for  at  the  market  quotation  and  second  grade  at  about  5 
per  cent  better  than  the  same  grade  in  ore. 


Machines. 


1  cnisher,  1  set  rolb,  2  elevators,  1  sampler. 

2  trommels  2  Jigs 

2  pump!i,  20  stamps 

6  tables,  3  sixers 

3  slimers,  2  pumps,  1  compressor 


Number 

of 
motors. 


Horse* 
power. 


1 
1 
1 
1 
1 


so- 
ls- 

35 
20 
15 


Total  horsepower [ ^^ 


Tailing  Is  settled  consecutively  in  three  ponds  before  the  overflow  is  dis- 
charged to  the  creek.  The  mill  operates  12  hours  per  day  with  superintendent, 
foreman,  sampler,  Jigmau,  tableman,  weigher,  and  a  mechanic  who  makes  re- 
pairs in  the  mill  and  attends  to  the  power  house.  The  extraction  is  claimed 
as  from  88  to  90  per  cent.  This  is  possible  when  the  slime  tailing  la  shipped  and 
the  only  rejection  made  is  from  three  of  the  Card  tables. 
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QENEBAL  MILIiINa  PRACTICE  IN  1&16. 

In  an  article  by  Wolf  and  Barbour  ^®  the  general  milling  practice 
of  the  district  as  carried  on  in  1916  is  described  as  follows ; 

The  ore  is  passed  over  a  2-iiich  grizzly,  from  which  the  nndersize  is  passed 
to  a  stamp  battery.  The  oversize  is  crushed  and  delivered  to  the  stamps.  The 
stamps  used  vary  in  weight  from  750  to  950  pounds  each.  The  number  of  drops 
per  minute  ranges  from  70  to  90.  The  drop  Is  usually  low  and  ranges  from  4i 
to  6  Inches,  and  from  12  to  20  mesh  screens  are  used.  The  pulp  from  the  bat- 
teries is  classified  and  distributed  to  Wilfley  or  Card  tables,  upon  which  the 
first  concentrate  is  made.  The  tailings  are  frequently  classified  and  again  de- 
livered to  tables,  or  sometimes  Frue  vanners.  Both  4  and  6  foot  vanners  are 
in  use.  The  tailings  from  the  second  concentration  on  either  tables  or  vanners 
are  sometimes  recrushed  in  n  Huntington  mill  with  a  GO-mesh  screen,  and  the 
product  is  treated  on  slime  or  canvas  tables.  T?his  outline  is  subject  to  con- 
siderable modification  in  diflPerent  mills.  In  some  of  the  plants  ordinary  Harz 
jigs  are  employed  to  advantage  and  revolving  screens  are  used  for  sizing.  Both 
Wilfiey  and  Curd  tables  are  in  use,  but  the  latter  seem  to  be  the  favorite. 

SXJMMAB7  OF  MILL  PBACTICE. 

Present  milling  practice  for  the  tungsten  ores  of  Boulder  County 
is  characterized  by  stage  crushing  and  screening;  each  reduction  is 
followed  by  concentration  by  means  of  the  devices  best  adapted  to 
each  size.  As  a  rule,  the  firet  concentration  is  done  by  jigs,  either 
the  Harz  type  or  the  Richards  pulsating  jig.  The  feed  to  these  coarse 
jigs  varies  in  size  from  that  passing  a  4-mesh  screen  to  that  which 
is  retained  by  a  20-mesh  screen.  Probably  the  average  size  of  the 
coarse  concentrates  is  about  10  mesh.  Jig  tails  are  reground  by  rolls, 
and  after  screening  may  be  treated  in  " fine"  jigs.  These  are  of  the 
launder  type  of  Richards  jig  and  produce  a  concentrate  which  aver- 
ages about  20  mesh  in  size.  Where  there  are  no  "fine "  jigs,  the  re- 
ground  tails  from  the  coarse  jig  are  treated  on  "coarse"  tables. 
Table  tails  are  reground  and  prepared  for  the  slime  tables;  table 
middlings  may  be  reground  and  put  into  a  middling  circuit,  or  held 
for  separate  treatment  when  enough  accumulates. 

Crushing  is  carried  to  such  an  extent  that  when  the  tailings  are 
discharged  practically  all  of  the  mineral  has  been  liberated.  This 
means  that  a  large  proportion,  which  varies  with  the  nature  of  the 
ore,  will  pass  a  100-mesh  screen.  Screening  out  a  portion  of  the 
sand  table  tailing  low  in  tungsten  and  removing  it  from  the  mill 
circuit  might  pay,  as  this  would  lighten  the  load  on  the  slime-treat- 
ing devices,  but  the  loss  of  tungsten  might  be  overbalanced  by  the 
cost  of  saving  it. 

After  the  ore  is  crushed  to  three-fourths  to  1  inch  by  means  of  jaw- 
crushers,  rolls  are  used  for  preparation  of  the  mill  feed.     Ball  mills 

"  Wolf,  Harry  J.,  and  Barbour,  Tcrcy  P..  The  Bouldor  County  tungsten  district,  Colo. : 
Eng.  and  Mlo.  Jour.,  vol.  102,  July  22,  1916,  pp.  165-169. 
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of  various  types  are  used  for  regrinding,  and  in  one  mill,  the  Wolf 
Tongue,  stamps  are  used  to  regrind  the  jig  tailing. 

Within  the  last  few  years  stamps  have  been  abandoned  for  fine 
crushing  and  jigs  have  been  introduced  to  save  the  coarse  mineral. 
In  the  stamp  batteries  coarse  ferberite  slimes  readily  because  of  its 
brittleness,  and  is  subjected  to  undue  crushing  as  its  high  specific 
gravity  causes  it  to  settle  back  on  the  mortar. 

Canvas  tables  are  installed  in  all  of  the  mills  visited  with  the  ex- 
ception of  the  Vasco,  but  the  canvas  plant  in  the  mill  of  the  Tung- 
sten Products  Co..  was  not  in  use.  The  use  of  canvas  tables  is  said  to 
result  in  a  recovery  amounting  to  about  10  per  cent  of  the  total. 
However,  they  make  a  low-grade  product,  about  20  per  cent  WO3, 
which  requires  cleaning  on  tables. 

Extractions,  as  shown  by  company  reports,  vary  from  75  to  90 
per  cent,  according  to  the  grade  and  character  of  the  ore  treated 
and  the  grade  of  the  concentrate  made.  Possibly  the  best  extraction 
under  favorable  conditions  when  a  60  per  cent  product  is  made  is 
90  per  cent. 

GKADE  OF  CONCENTBATE& 

The  concentrates  are  of  two  kinds — ^" crude"  and  "high-grade." 
The  crude  concentrates  are  utilized  in  the  manufacture  of  ferrotung- 
sten  and  tungstic  oxide.  These  two  products  are  basic  for  producing 
all  compounds  containing  tungsten.  All  ferrotungsten  is  used  as  a 
means  of  introducing  tungsten  into  ferroallows,  whereas  tungstic 
oxide  is  used  to  produce  tungsten  powder  and  chemicals.  Tungsten 
powder  is  extensively  used  as  a  means  of  introducing  tungsten  into 
f erro  and  other  alloys. 

The  high-grade  concentrate— 60  per  cent  WOg  or  more — is  de- 
sirable for  the  manufacture  of  ferrotungsten.  In  making  tungstic 
oxide  by  the  hydrochloric-acid  process  the  material  used  may  range 
from  20  to  40  per  cent  WO3,  but  in  using  the  soda  fusion  method,  a 
higher  grade,  40  to  50  per  cent,  is  desired,  although  at  the  plant  of 
the  Black  Metal  Reduction  Co.  ore  mining  as  low  as  12  per  cent  is 
used  in  a  fusion  process. 

SAMPLING. 

The  usual  sampling  device  is  the  Vezin  sampler,  set  to  cut  from 
one-tenth  to  one-twentieth  of  the  ore  stream,  or  two  Vezin  samplers 
may  be  used,  making  a  final  cut  of  one- fortieth.  The  ore  is  crushed 
so  that  it  passes  a  screen  ranging  from  4  to  8  mesh.  The  sample  ob- 
tained by  the  Vezin  sampler,  if  300  pounds  or  less,  is  further  reduced 
in  size  by  sample  crushers  and  rolls  and  is  divided  by  hand  by  means 
of  a  sampler  of  the  Jones-splitter  type.    If  more  than  300  pounds, 
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the  sample  is  again  passed  through  the  Vezin.  After  being  sampled 
the  ore,  if  it  is  a  custom  lot,  is  retained  in  a  separate  bin,  called  the 
settlement  bin,  imtil  a  satisfactory  arrangement  is  made  with  the 
seller. 

Another  form  of  sampling  device  is  known  as  the  chain  and  cup, 
in  which  cups  are  supported  between  endless  traveling  chains.  The 
quantity  removed  as  a  sample  may  be  regulated  by  varying  the  num- 
ber of  cups.  The  cups  passing  under  the  ore  stream  retain  a  portion, 
while  the  rest  of  the  stream  drops  between  the  chains.  After  the 
sample  is  taken  it  may  be  coned  and  quartered  or  passed  through  a 
splitter,  and  suitable  reduction  in  siz^  made  by  the  sample  crusher 
and  rolls. 

The  final  sample  for  assay  is  ground  so  that  it  passes  80  mesh  and 
is  about  1  pound  in  weight.  This  is  split  into  the  necessary  number 
of  assay  pulps. 

ASSAY  OF  ORES  AND  CONCENTRATES. 
STAKDABD  METHOD. 

The  following  method,  developed  by  Hugh  F.  Watts,  of  Boulder,  is 
used  throughout  the  district  as  the  standard  for  control  and  umpire 
work: 

In  preparing  the  sample  for  assay  an  amount  slightly  in  excess  of 
the  weight  desired  is  ground  to  a  very  fine  powder  by  means  of  a 
mechanical  agate  mortar.  Where  a  number  of  samples  are  to  be 
prepared  this  machine  is  indispensable. 

One  gram  of  ore  is  weighed  into  a  250-c.  c.  beaker  and  treated 
with  60  c.  c.  HCl,  or  with  ores  carrying  5  per  cent  or  less  WO,, 
2  grams  are  weighed  into  a  150-c.  c.  beaker  and  treated  with  40  c.  c. 
HCl.  Stir,  cover  with  a  watch  glass,  and  digest  for  about  two  hours 
on  a  hot  plate  until  the  acid  has  evaporated  to  10  or  15  c  c.  Remove 
from  hot  plate  and  break  up  crust;  add  40  c.  c.  of  a  mixture  of  one 
part  HNOg  to  10  parts  HCl  and  digest  again  for  one  hour.  Dilute 
with  50  c.  c.  HgO,  containing  1  c.  c.  HCl.  Allow  to  settle  and  filter 
by  decantation  on  a  12.5-cm.  Swedish  No.  2  or  Whatman  No.  30 
filter  paper.  Wash  three  times  with  acid  wash  water  (1  part  HCl 
to  50  parts  H3O).  To  the  residue  in  the  beaker  add  20  c.  c.  of  a 
mixture  containing  1,200  c.  c.  H^O,  400  c.  c.  NH^OH,  and  20  c.  c.  HCl. 
Decant  through  filter  into  a  No.  3  Coors  porcelain  crucible.  Wash 
five  times  with  a  few  cubic  centimeters  of  the  ammonia  solution. 
Evaporate  the  filtrate  to  dryness,  ignite,  and  weigh  as  WO3.  With 
low-grade  ores  it  may  be  necessary  ito  evaporate  in  a  platinum 
crucible  and  treat  the  residue  with  hydrofluoric  acid  for  the  removal 
of  silica. 


28  TREATMENT  OF  THE  TUNGSTEN  ORES. 

In  assaying  Chinese  ores,  certain  hiibnprites,  wolframites,  and 
scheelites,  after  the  ore  has  been  treated  as  described  above  for  fer- 
berites,  as  much  as  2  or  3  per  cent  of  the  total  tungsten  may  remain 
with  the  insoluble  matter.  The  residue  is  fused  with  the  regular 
alkali  carbonate  mixture  and  leached  with  water ;  the  iron  and  other 
residues  are  filtered  off,  and  the  filtrate,  which  contains  the  soluble 
tungstate,  is  titrated  with  nitric  acid,  added  from  a  burette,  until 
tungstate,  is  titrated  with  nitric  acid,  added  from  a  burette,  until 
to  drive  off  COg  and  the  mercurous  nitrate  added,  which  precipi- 
tates tungsten  as  mercurous  tungstate.  As  the  ore  had  been  pre- 
viously treated  with  acids  this  precipitate  will  most  likely  be  free 
from  those  interfering  elements  that  are  likely  to  follow  tungsten^ 
such  as  chromium,  molybdenum,  vanadium,  tin,  etc.  After  the  addi- 
tion of  the  mercurous  nitrate  the  solution  will  still  be  slightly  acid, 
and  unless  it  is  neutralized  some  tungsten  will  remain  in  solution. 
The  solution  is  neutralized  with  NajCOg  and  heated  to  boiling;  the 
precipitate  is  allowed  to  settle,  filtered  on  a  good  grade  of  quantita- 
tive, paper,  and  washed  with  water  containing  2  per  cent  mercurous 
nitrate.  The  filter  paper  is  then  ignited  in  a  platinum  crucible  and  the 
WO  J,  weighed.  The  contained  silica  can  then  be  driven  off  by  HF.  Tin, 
if  present,  can  be  volatilized  as  stannic  chloride  by  ignition  with  am- 
monium chloride.  The  mercurous  nitrate  may  be  prepared  by  di«^ 
gesting  2  or  3  ounces  of  mercury  for  about  two  hours  with  25  c.  c.  of 
nitric  acid  (cone.)  in  100  c.  c.  water,  and  allowing  it  to  stand  over 
night  on  a  hot  plate  kept  below  the  boiling  point.  This  solution 
when  diluted  to  about  400  c.  c.  will  give  a  saturated  solution  with 
a  minimum  of  free  acid. 

SPECIFIC  GRAVITY  METHODS  rOR  APPROXIMATE  ANALYSIS  OF  ORES. 

A  specific  gravity  method  for  obtaining  the  approximate  tungsten 
content  of  an  ore  is  commonly  used  in  the  tungsten  districts.  The 
method  used  in  the  Boulder  district  is  described  by  Hess  as  follows  :^^ 

The  Wolf  Tongue  Mining  Co.  originated  a  method  which  has  been  used  by  it 
and  others  on  the  ferberito  ores  of  the  Bonlder  field  with  excellent  results,  and 
the  constants  used  there  have  been  found  serviceable  in  other  fields.  The  mode 
of  operation  is  as  follows : 

The  articles  needed  are  a  fiask  holding  about  1,500  c.  c.  of  water  and  scales 
weighing  in  grams  up  to  3  or  4  kilos.  The  flask  is  counterbalanced,  then  1,500 
grams  of  water  is  weighed  into  it  and  the  height  marked  on  the  neck. 

For  determinations,  1,900  grams  of  water  is  weighed  into  the  flask  and  then 
dry  ore  is  poured  in  untfl  the  water  is  raised  to  the  1,500  gram  (c.  c.)  mark. 
This  means,  of  course,  that  the  ore  occupies  200  c.  c.  and  that  an  equal  bulk  of 
water  weighs  200  grams. 


^^HesB,  F.  L.,  TangBten  minerals  and  deposits:  U.  8.  Geol.  Survey  Bull.  e02,  1917^ 
p.  71. 
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TLe  weight  ol  water  in  the  flaak,  1,300  grBma,  Is  subtracted  from  tije  toUil 
welBht,  and  the  dilTerenw,  which  Is  the  weight  of  the  ore,  is  divided  by  200 
grama,  the  weight  oJ!  the  water  displaced,  thus  giving  the  specific  gravity,  which 
is  cotu[iarcd  with  u  tabic  giving  the  equivaieut  perceutuge  of  WOi. 

At  the  Wolf  Tongue  mill  the  table  has  been  elaborated  so  that  weights  may  be 
ilirectly  read  Into  percentages  by  referring  to  Table  4,  aa  showu  below. 

The  figures  given  in  Table  4  are  not  exact  specific  gravities,  but 
are  close  enough  to  give  valuable  data  as  to  the  probable  metallic  con- 
tent of  the  ore.  Such  a  method  is  applicable  whenever  the  ore  con- 
tains no  other  heavy  minerals  and  the  gangue  is  of  fairly  constant 
composition.  Corrections  would  have  to  be  made  for  other  ores.  For 
example,  the  specific  gravity  of  the  Boulder  ferberite  is  7.499,  or, 
say,  7.5,  and  the  specific  gravity  of  the  scheelite  ore,  if  free  from 
heavy  minerals,  such  as  galena,  pyrite,  and  hematite,  will  be  some- 
what lower. 
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CLASSIFYING  AND  DBTING  THE  CONGENXBATSS. 


The  concentrates  from  different  concentrating  units  are  kept  as 
separate  lots,  such  as  hand-sorted  ore,  coarse- jig  concentrates,  fine- 
jig  concentrates,  table  concentrates  of  different  quality,  and  slime 
concentrates. 

For  drying  the  concentrates  most  of  the  mills  use  an  ordinary  heat- 
ing stove  or  salamander  made  of  sheet  iron  with  a  grate  for  fuel  and 
a  large  stack  (fig.  2).    The  stove  is  surrounded  by  a  jacket  perforated 
at  the  bottom.    Wet  concentrates  charged  into  the  jacket  come  in  con- 
tact with  the  hot  stove.    As  they  are  dried  they  drop  through  the  per- 

.  forations  onto  the  floor,  where  they 
are  allowed  to  cool,  and  are  then 
sacked.  The  ashes  from  these  stoves 
are  held  and  treated,  which  results 
in  a  recovery  of  concentrate 
amounting  to  as  much  as  6  pounds 
a  day. 

The  mill  of  the  Tungsten  Prod- 
ucts Co.  uses  steam  tables  for  dry- 
ing. 

METHODS  OF  CONCENTBATION. 

CONCENTRATION  OF  COARSE  MATERIAL.. 

SORTIKO. 

Hand  sorting  of  the  high-grade 
pieces,  when   practiced,  is  usually 
•^<^v^      done  in  the  stopes  at  the  mine,  al- 
«    «    V--.    ^    ^^  w  ,  *  though  a  small  amount  may  be  done 

FiouEB  2. — Concentrate  drier:  a.  Moist  »  *i 

concentrate;    f>,    dry    concentrate;    o,  at  the  mill.     None  01  the  mills,  how- 

*^^  P"-  ever,    have    any    elaborate    equip- 

ment for  this  purpose.  Careful  mining  of  the  high-grade  streaks, 
when  encountered,  obviates  much  sorting. 

Sorting  of  the  waste  is  not  practicable,  as  exact  distinction  between 
the  waste  and  a  low-grade  ore  worthy  of  treatment  is  difficult.  For 
instance,  material  carrying  1  per  cent  WO3  may  contain  a  large  num- 
ber of  pieces  of  ore  that  surficially  appear  absolutely  barren. 

OBtrSHIKO  AND  SCBEEKINO. 

Screening  begins  with  grizzlies  having  ^  to  1  inch  openings.  The 
grizzlies  are  set  ahead  of  the  primary  crushers,  which  are  all  of  the 
Blake  type  and  range  in  size  from  7  by  10  to  10  by  16  inches,  the 
smaller  size  predominating.    The  size  of  the  material  delivered  from 


A.    BUNKER 


B.    CARD  CONCENTRATOR. 


C.    AKIN5  CLASSIFIER. 


B.  DEISTER  NO.  3  SLIMER. 
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these  crushers  ranges  from  0.75  inch  to  1.5  inches,  but  is  generally  1 
inch.  The  crusher  product,  which  may  or  may  not  be  screened,  goes 
to  rolls  ranging  in  size  from  12  by  20  to  16  by  36  inches,  the  usual  size 
being  14  by  27  inches.  Practice  is  about  evenly  divided  as  regards 
screening  the  crusher  product,  but  where  it  is  done  trommels  having 
from  4  to  8  mesh  screens  are  used.  In  the  Vasco  mill  the  product 
from  the  primary  crusher  is  sent  to  a  secondary  crusher  with  a  sta- 
tionary screen  intervening,  and  thence  direct  to  the  primary  rolls. 
The  final  roll  product  is  generally  about  4  mesh.  The  feed  is  then 
ready  for  sampling  and  storing  in  the  settlement  bins.  All  crushing 
and  screening  are  done  dry  up  this  stage. 

The  next  step  is  to  screen  by  wet  trommels  having  screens  of  4  to 
8  mesh,  the  oversize  going  to  secondary  rolls  and  the  undersize,  with 
or  without  further  sizing  by  trommels,  to  coarse  jigs.  Jig  tailings 
are  then  reground  by  rolls,  except  at  the  Wolf  Tongue  mill,  which 
uses  stamps. 

Where  the  material  is  screened  before  sampling,  trommels  are  run 
without  water.  For  sizing  the  jig  feed  the  trommels  and  impact 
screens  are  operated  wet.  Bunker  Hill  screens,  ranging  in  size  from 
30  to  120  mesh,  are  employed  extensively  for  preparing  table  feed. 
A  view  of  a  Bunker  Hill  screen  is  shown  in  Plate  V,  A, 

JIGOINO. 

Practice  in  coarse  jigging  is  about  evenly  divided  between  Harz 
jigs  and  Richards  pulsating  jigs.  In  size,  the  feed  to  the  coarse  jigs 
is  about  that  passing  a  4-mesh  screen  and  retained  by  a  12-mesh 
screen.  Screens  are  trommels,  or  of  the  impact  type.  At  the  mill  of 
the  Tungsten  Products  Co.  the  jig  feed  has  been  ground  to  pass  an 
8-mesh  screen  and  the  entire  product  is  sent  to  the  jigs  without  re- 
moval of  the  fine  material. 

Harz  jigs  and  Richards  launder- type  pulsating  jigs  are  used  for 
jigging  material  about  20-mesh  in  size. 

The  coarse  jigs  make  three  products— concentrate,  hutch,  and  tail- 
ing; and  the  fine  jigs,  two— concentrate  and  tailing.  The  hutch 
product  may  be  retreated  on  jigs  and  tables,  or  it  may  be  a  finished 
product..  Tailings  are  reground  for  sand-table  feed. 

Plate  IV  (p.  19)  shows  a  two-compartment  Richards  pulsating  jig. 

TABLES. 

For  treating  sands  Wilfley  and  Card  tables  are  used.  A  Card 
table  is  shown  in  Plate  V,  5,  and  a  Wilfley  in  Plate  VI,  A, 

Sand  tables  make  three  products— concentrate,  middling,  and  tail- 
ing. The  middling  is  held  for  separate  treatment  or  reground.  The 
tailing  is  classified  in  an  Akins  classifier,  and  the  coarse  is  reground 
in  ball  mills. 
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CONCENTRATION  OF  THE  FINE  MATERIAI,, 

Concentration  of  the  fine  f  erberite  is  accomplished  by  slime  tables 
and  statignary  canvas  tables,  or,  as  they  are  locally  known,  "  rag 
plants."  The  tables  used  are  the  No.  3  Deister,  Deister-Overstrom, 
and  Wilfley.  The  Monell  and  Wilfley  box  slime-tables  that  were 
used  extensively  several  years  ago  have  no  place  in  the  modem  mills. 

A  new  feature  of  the  slime  tables  is  a  high-grade  wliite  enamel 
coating  on  the  entire  deck  and  riffle  surface.  Although  some  inii7- 
men  believe  this  facilitates  the  treatment  of  ferberite  slimes,  t\\t 
writers  believe  that  it  is  of  no  value  other  than  by  affording  a  white 
background  for  the  black  mineral  streak;  it  may  help  in  defining 
the  "  point  of  cut,"  especially  where  the  light  is  poor. 

Slime  tables  may  make  two  or  three  products — concentrate  and 
tailing,  or  concentrate,  middling,  and  tailing.  The  middlings  may 
be  reground  and  placed  back  in  circuit,  kept  in  a  middling  circuit, 
or  held  for  retreatment  when  enough  accumulates  to  warrant  it. 
This,  of  course,  is  practically  the  same  as  a  separate  middling  circuit. 
Tailings  are  generally  thickened  and  sent  to  another  set  of  slime 
tables,  whose  tailings  may  be  further  treated  in  this  manner  or  sent 

to  a  "  rag  plant."   Plate  VI,  5,  shows  a  Deister  No.  3  slimef . 

The  "  rag  plants  "  consist  of  stationary  tables  covered  with  canvs5 
and  with  a  slope  of  about  0.75  inch  to  the  foot.  They  are  usually 
arranged  in  parallel  in  a  series  of  groups.  The  pulp  passes  over 
the  tables  with  a  slow,  rolling  movement  that  permits  the  heavy  min- 
eral to  settle  into  the  interstices  of  the  canvas.  Tlie  tables  arc 
cleaned  by  shutting  off  the  feed  and  washing  down  the  surface  with 
a  hose.  The  concentrates  are  collected  in  suitable  launders  placed  at 
the  ends  of  the  tables. 

In  size  the  tables  are  about  6  feet  wide  and  20  to  40  feet  lonjr. 
They  require  considerable  mill  room  when  treating  a  large  feed,  but 
are  not  expensive  to  maintain  in  repair  when  in  continual  operation 
and  do  not  require  much  attention.  The  grade  of  the  concentrate 
is  low,  about  20  per  cent,  and  therefore  the  concentrates  are  retreated 
on  slime  tables. 

For  classifying,  settling  boxes  making  several  spigot  products  are 
valuable,  as  they  do  not  introduce  additional  water  into  a  pulp  that 
should  be  kept  as  thick  as  possible.  Some  upward-current  classifiers 
are  used,  but  the  extra  water  necessary  is  carefully  watched.  The 
Akins  classifier  is  always  used  for  separating  sand  from  slime  for 
ball-mill  feed.  Callow  cones  are  in  favor  for  thickening  slime  for 
tables.  Plate  V,  C^  represents  the  type  of  Akins  classifier  seen  in 
the  district. 


A.     MONELL  S 


iNETIC  SEPARATOR  ROOM  OF  THE  TUNGSTEN  PHO0UCTS  CO. 


MAGNETIC  SEPARATOR  OF  TUNGSTEN   PRODUCTS  CO. 
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The  magnetic  treatment,  especially  when  applied  to  the  Boulder 
ores,  has  the  disadvantages  of  dust  losses  due  to  the  necessity  for 
dry  crushing  and  of  inability  to  handle  economically  the  finer  sizes, 
to  which  much  of  the  ore  of  this  district  must  be  crushed  in  order 
to  free  the  ferberite.  Also,  the  initial  cost  has  to  be  considered, 
although  a  machine  of  the  Wetherill  type  is  simple  and  well  con- 
structed and  runs  with  little  attention  and  at  a  low  cost  after  adjust- 
ment to  the  requirements  of  the  ore  treated. 

The  only  installation  of  magnetic  separators  in  the  district  is  in 
the  mill  of  the  Tungsten  Products  Co.,  at  Boulder,  where  are  two 
Wetherill  type  "E"  No.  3  machines,  which  have  a  feed  belt  18 

Inches  wide.  They  have  three 
double-pole  magnets,  which  are 
wound  respectively  for  100,000, 
60,000,  and  30,000  ampere  turns. 
Magnetite,  siderite,  clean  ferberite, 
and  ferberite  middlings  are  lifted 
in  the  order  named,  the  pyrite, 
phosphorus  minerals,  and  clean 
gangue  pass  into  the  tailing.  For 
concentrating  fairly  high-grade 
ores  (20  to  40  per  cent),  in  whici 
the  ferberite  is  liberated  without 
excessive  crushing,  magnetic  ssepa- 
rators  are  of  value  with  a  wet  con- 
centration plant  The  fine  mate- 
rial that  the  magnetic  separators 
are  unable  to  handle  may  be  put 
into  the  wet  mill  circuit.  Plates 
VII,  4,  and  VIII,  -4,  give  two  views 
of  the  magnetic  separators  at  the 
mill  of  the  Tungesten  Products  Co. 

BBY  SCBEENINO. 

For  preparing  the  feed  to  the 
Fxanu  8.-^Biiis  Mnen :  a,  uo^esh ;  magnets  for  close  dry-sizing  and  for 

^'  t^^^'K'  ""'  ^^"^^^ '  "*'  ^^'"^^ '  grading   up    products,   screens  of 

various  types  are  used.  At  tiie 
Tungsten  Products  Co.  mill  is  a  screen  devised  by  William  EUis^ 
mill  superintendent,  shown  in  figure  8.  It  consists  of  a  series  of 
superimposed  screens,  1.5  feet  wide  by  4  feet  long,  set  at  an  angle 
of  14°  in  a  suitable  dust-proof  housing.  Vibration  is  imparted  by  a 
ratchet  with  12  teeth,  revolving  125  revolutions  per  minute,  and  im- 
parting a  total  of  1,500  impacts  a  minute  to  the  frame.    The  ratchet 
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is  keyed  to  a  reyolying  shaft  that  carries  the  driving  pulley.  The 
tension  upon  the  springs  may  be  easily  adjusted.  Suitable  chutes 
convey  the  screen  products  into  separate  bins.  Another  type  of 
screen,  called  the  Allen,  that  has  been  used  in  the  district,  utilizes 
several  weighted  pulleys  attached  to  the  driving  shaft  for  imparting 
vibrations  to  the  screens,  which  are  supported  in  a  frame  by  hickory 
legs  or  on  springs.  The  Bland  screen,  described  in  another  part  of 
this  bulletin  under  "The  Grimm  Concentrating  Mill,"  is  much  like 
the  Allen  screen,  but  differs  in  the  vibrating  mechanism. 

LOSSES. 

The  concentration  loss  in  treating  ferberite  ores  is  due  almost  en- 
tirely to  the  difficulty  of  treating  the  slimes.  The  standard  tables 
make  a  satisfactory  high-grade  product  from  the  coarser  sizes, 
about  20  to  80  mesh,  and  jigs  from  the  larger  sizes.  The  tailings 
from  these  devices  vary  greatly  in  value  according  to  the  nature  of 
the  ore  treated.  For  ores  in  which  the  ferberite  is  coarsely  crystal- 
lized, the  tailings  are  low,  as  the  valuable  mineral  is  usually  well 
liberated  from  the  gangue;  but  in  the  "homstone"  ores  the  fer- 
berite is  so  intimately  associated  with  the  quartz  that  a  great  amount 
of  crushing  is  needed  and  a  high  tailing  is  inevitable.  The  amount  of 
high-grade  concentrates  produced  in  treating  the  latter  type  of  ore 
will  be  very  low. 

The  ferberite  is  so  much  more  brittle  than  the  accompanying  gan- 
gue that  in  crushing  it  is  reduced  to  particles  much  smaller  than  the 
gangue  particles,  and  although  its  specific  gravity  is  higher,  it  is 
acted  upon  by  the  same  forces  and  in  the  same  way  as  is  the  gangue. 
The  presence  of  the  smaller  size  of  the  ferberite  particles  was  demon- 
strated to  the  writw^  at  the  mill  of  the  Rare  Metals  Ore  Co.,  at 
KoUinsville,  in  observing  the  work  of  the  Bland  screen.  (See  p.  87.) 
The  feed  to  the  machine  was  a  rag  plant  concentrate,  carrying  about 
20  per  cent  WOj.  Three  products  were  made  on  calibrated  China 
silk  fabric,  as  follows:  Material  retained  on  cloth  with  0.004-inch 
openings  (corresponding  to  Tyler  screen  160  mesh) ;  minus  0.004- 
inch  plus  0.002*inch  material,  and  minus  0.002-inch  material  (corre- 
sponding to  Tyler  screen  280  mesh).  The  latter  product  was  very 
different  in  appearance  from  the  feed,  being  black  and  resembled 
high-grade  slime  concentrate.  According  to  S.  B.  Tyier,  super- 
intendent of  the  mill,  this  product  usually  assays  between  40  and  50 
per  cent  WOg.   Deposition  of  these  products  is  described  on  page  42. 

The  slime  losses  may  easily  amount  to  20  to  30  per  cent  of  the 
valuable  mineral  content  of  the  original  ores,  and  where  much  "  horn- 
stone  "  is  present,  the  losses  may  be  larger.  Unless  slime  tables  or  ^ 
"rag  plant"  is  used  the  total  recovery  will  be  lowered.    A  "rag 
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plant "  or  a  set  of  slimers  will  save  between  10  and  20  per  cent  of  the 
tungsten  in  the  original  ore. 

The  results  of  the  following  screen  analysis  of  a  typical  sample  of 
tungsten*-mill  tailing  shows  how  sliming  effects  losses: 

Table  5. — Distribution  of  tungsten  losses  in  screen  products  from  a  typical 

sample  of  tungstenrmill  tailing. 


Mesb. 

WO, 
content. 

Loss. 

20-40 

Per  cent. 
0.63 
.57 
.376 
.365 
.275 
1.41 

Percent. 
2.0 

40-60 

6.9 

60-«0 

7.0 

80-100 

2.0 

100-200 

10.1 

Minos  200 

6&0 

100.0 

DESCBIPTIONS  OF  INBIVIDTTAL  PLAITTS. 

THE  TUNGSTEN  PRODUCTS  CO. 

The  Tungston  Products  Co.  owns  and  works  the  Luckie  2  mine  in 
Boulder  Canyon  (Middle  Boulder  Creek),  about  9  miles  above  the 
town  of  Boulder.  In  Boulder  the  company  has  a  concentrator,  a 
plant  for  making  tungstic  oxide,  and  a  smelter  for  producing  ferro- 
alloys, the  company  handling  custom  ore  as  well  as  ore  from  its 
own  properties.  This  is  the  most  complete  plant  for  mining  and 
treating  ferberite  ores  in  the  district,  as  it  embraces  all  phases  of 
tungsten  production.  The  company  has  an  excellent  laboratory  with 
facilities  for  research  as  well  as  for  routine  analytical  work.  The 
mill  circuit  is  shown  in  figure  4. 

This  diagram  and  the  others  in  this  bulletin  were  made  by  the 
writers  during  their  visit  to  the  district  in  January,  1919.  None  of 
the  mills  visited  had  the  graphic  flow  sheets  brought  up  to  date,  so 
it  was  necessary  to  study  out  the  circuit  for  each  mill. 

A  striking  feature  of  this  concentrator  is  the  excellent  work  done 
by  the  Harz  jigs.  These  jigs  (fig.  6)  have  been  modified  by  the  mill 
superintendent,  William  Ellis,  according  to  the  following  ideas: 

The  partition  between  the  plunger  compartment  and  the  screen 
compartment  is  arranged  so  that  both  compartments  have  the  same 
width.  This  may  be  done  either  by  moving  the  partition  or  by 
building  up  the  sides.  In  the  screen  compartment  the  sides  below 
the  screen  supports  are  filled  in  so  that  they  are  flush  with  the  sup- 
ports. In  this  way  a  more  even  pressure  is  exerted  on  the  bed  of 
the  jig.  The  screen  is  of  the  same  mesh  as  the  trommel,  whose  under- 
size  is  the  feed.  For  low-grade  ores  it  may  be  necessary  to  use  a 
screen  with  slightly  smaller  openings  than  the  trommel  in  order  to 


DESCRIPTIONS  OF  PLANTS. 


37 


Offlfc^ 


C!oTig.   , 


Dump 


£fiD£.^ 


.Qqi^^ 


Cone.  ■ 


Dump 


Dump 


y  by  15"  McFarUne  crusher,  to  }  in> 
ir  by  20"  rolls,  *  in. 


Beyator 
Q>mU6  lindgrsia? 


Venn  aampler.Ath  cut 
Reject  Sample 

Mill  bin 

CQBwnyitQr  bin 

2  comp.  Hara  ji^.  S-mesh  screen 
Hutch  IctttM^ntrtLt^A  J^ 

l6-mesh  dewaterlng  screen.  45*  Aiyf^]^ 


12"  bv^ 


Vndfirsigg 


rolls. 


le-mesh  vibrating  aci-feen.  45*  angle 

UndgraJK 


Ovpra^^^ 


d 


T 


Spigot  product 
2  comp.  Harz  jig.  2Q-mesh  screen 


QvaSsm 


Tails 


4 


Vibrating  screen.  40  mesh 

Olfipia.  tlndprri«i 

Of>nf  riaffljfiftr 

Spiy t  product  Overflow 

2  Wilfley  Ubl<»  Callow  con 


Cone. 


t^d.    la 


.       ^ f 

Spigot  product    Overflow 


i  laiia 

1  Dei^i^QvYfif^^Tfl       Card 
tfieplzatfi.     Mli    Lula  Conc.  Mid    Tail 


i  size  Caiti 

1  i 

Cong.         Tail 
_ZJ  -r- 


Dorr  thickener 
Mill  ttnk  Ny.  a  Deister  .Rlimp  tiih|y 

CanCr        Mida»       Taiig 


I  size  Card 


laOa 


PiGURB  4.— Mill  circuit  of  Tungsten   Products  Co.   mill,  Boulder.  Colo. 
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keep  the  bed  constant.    On  8-mesh  material  the  jig  is  run  with  a 
throw  of  J  to  f  inch  at  a  speed  of  250  strokes  a  minute. 

The  jigs  make  60  to  70  per  cent  of  the  total  concentrate  produced 
from  the  average  ore,  the  product  assaying  60  per  cent  or  more 
tungstic  oxide. 

As  the  diagram  shows,  the  undersize  from  the  first  16-mesh  de- 
watering  screen  passes  to  an  elevator,  joins  the  oversize  that  has  been 
crushed,  and  goes  with  it  to  another  16-mesh  screen.    This  peculiar 

flow  is  necessary  on  account  of  the 
mill  arrangement.  The  screens 
are  a  modified  type  of  the  Colorado 
impact  screen  and  are  made  in  local 
shops. 

The  middling  product  -from  the 
Deister-Overstrom  and  Card  tables 
is  re-treated  on  a  quarter-size  Card 
table  without  crushing.  This  pro- 
cedure makes  a  rather  low-grade 
concentrate  but  avoids  the  losses 
incident  to  further  crushing,  as  does 
the  treatment  of  the  middling  from 
the  Deister  No.  3  slime  table. 

A  dust  collector  is  connected  to 
the  dry-crushing  equipment 

Different  lots  of  crude  ore  may 
be  retained  in  the  mill  bins  until 

Pi^^  settlement  for  them  is  made,  when 

they  are  transferred  to  the  con- 
centrator bin  for  treatment. 

The    high  -  grade     concentrates 

from  jigs,  the  tables,  and  the  "  slim- 

ers"  are  sent  direct  to  the  ferro- 

tungsten  plant.    The  second-grade 

concentrates  are  treated  by  Wethe- 

rill  magnetic  machines  to  remove 

impurities  and  to  raise  the  grade.    Plate  IX,  J.,  shows  the  exterior 

of  the  concentration  mill  of  the  Tungsten  Products  Co.,  and  Plate 

IX,  B  (interior  view),  shows  the  concentrating  tables. 

THE  GBIMM  CONCENTBATINQ  MILL. 

The  Grimm  concentrating  mill  is  about  7  miles  up  Boulder  Canyon 
(Middle  Boulder  Creek),  near  Ferberite,  Colo.,  and  is  experimental 
in  size,  as  only  1,000  pounds  of  material  can  be  treated  in  one  shift. 
The  mill  is  operated  by  Oeorge  Bland  to  demonstrate  the  ^^  Bland 
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screen,"  which  was  invented  by  his  brother,  John  Bland.  Claims 
made  for  this  screen  are  that  it  will  treat  dry  ball-milled  tungsten 
ores  and  with  some  ores  produces  a  direct  concentrate,  whereas  with 
others  the  screened  sized  products  will  give  better  recoveries  and 
cleaner  concentrates  when  submitted  to  the  tables  than  when  classi- 
fied by  other  means.  The  method  of  treatment  practiced  in  1919  was 
as  follows: 

Dry  crushing  in  a  ball  mill,  dry  screening  on  the  Bland  screens  of 
40  and  60  meshes;  the  +iO  material  going  to  one  Wilfley  table,  the 
—40  to  +Q0  to  another  Wilfley  table,  and  the  —60  to  Deister  tables. 
In  1919  nothing  was  being  done  with  the  middling,  tail,  or  slime. 
The  middling  and  tail  collected  presumably  will  be  dried  and  re- 
ground  ;  the  slime  goes  to  waste. 

The  plant  did  not  seem  to  be  complete,  at  the  time  it  was  visited 
(January,  1919),  as  no  jigs  nor  "rag  plant"  were  installed. 

The  Bland  screen  has  four  superimposed  screens,  about  2  by  5  feet 
each,  attached  to  a  frame  having  four  especially  constructed  legs  of 
hickory  wood.  The  whole  frame  is  vibrated  by  a  steel-tooth  ratchet 
with  12  teeth  that  revolves  about  300  times  a  minute,  giving  3,600 
impacts  a  minute  to  the  frame  and  screens.  Various  sized  China 
silk  screens  can  be  employed,  with  openings  up  to  0.0013  inch  in 
diameter  (corresponding  to  a  hypothetical  Tyler  screen  of  350  mesh), 
the  object  being  to  dry-size  the  material  closely.^* 

In  many  of  the  concentrating  plants  in  the  district  this  screen 
had  been  installed,  but  later,  on  account  of  its  small  daily  capacity, 
had  been  discarded,  except  in  the  Rare  Metals  Ore  Co.  mill  at  Bollins- 
viUe,  Colo.,  which  is  described  in  connection  with  the  treatment  of 
the  "  rag  plant "  concentrates. 

THE  BED  SIGN  MILL. 

The  Bed  Sign  mill  is  at  Ferberite,  about  7  miles  up  Boulder 
Canyon  (Middle  Boulder  Creek)  from  Boulder,  and  is  compact 
and  well  designed.  Careful  stage  concentration  is  a  feature,  begin- 
ning with  Richards  pulsating  jigs  for  material  between  5  and  12  mesh 
in  size.  Bunker  Hill  screens  of  30  and  50  mesh  are  used,  and  are 
said  to  be  satisfactory.  All  tables  make  but  two  products— concen- 
trates and  tailings.  Callow  cones  are  used  for  thickening  the  slime 
table  feed.  The  capacity  of  the  mill  is  about  25  tons  a  day  when 
treating  1  per  cent  ore.  Cherty  and  rebellious  hard  silicates  are 
treated.  The  flow  sheet  is  similar  in  principle  to  those  of  other  mills 
in  the  district  but  differs  from  that  of  the  Tungsten  Products  Co.  mill 
in  that  Richards  jigs  and  Bunker  Hill  screens  are  used  in  prefer- 
ence to  Harz  jigs  and  impact  screens.    Treating  1  per  cent  ore  the 

*■  Bland,  Oeorge  V.,  Dry  sistog  as  a  means  of  preparing  feed  for  concentration :  Eng. 
and  Min.  Jour.,  vol.  105,  May  18,  1918,  p.  908 ;  Bland,  John,  Notes  on  screening:  Eng.  and 
Mln.  Jour.,  vol.  107,  No.  26,  June  28,  1919,  p.  1112. 
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mill  was  making  a  saving  of  about  85  per  cent.  The  concentrates  are 
not  all  of  60  per  cent  grade,  as  some  lower  grade  material  can  be 
shipped  to  the  eastern  refining  plants  for  manufacture  of  tungstic 
acid  and  other  products.    The  mill  circuit  is  shown  in  figure  6. 
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FIGURE  6.— Mill  circuit  of  the  Red  BIgn  mill,  Ferberlte.  Cola 
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THE  VASCO  MILL. 

The  Vasco  mill,  in  Boulder  Canyon  (Middle  Boulder  Creek,  about 
14  miles  from  Boulder),  at  Tungsten,  and  owned  by  the  Vanadium 
Alloy  Steel  Co.,  is  one  of  the  new  mills  of  the  district  and  is  efficiently 
equipped.   Recoveries,  according  to  company  officials,  often  exceed  90 
per  cent  and  occasionally  93  per  cent,  based  on  all  grades  of  concen- 
trates made.    The  mill  was  built  to  handle  about  100  tons  a  day  of  2 
per  cent  ore,  but  the  general  average  of  ore  in  1919  was  between  2  and 
10  per  cent.    A  large  part  of  the  ore  handled  was  coming  from  the 
company's  mines,  which  are  numbered  from  1  to  13.    One  of  the  out- 
standing features  of  this  mill  is  the  absence  of  a  '^  rag  plant.''    All 
slimes  are  treated  efficiently  by  employing  many  sets  of  slime  tables. 
As  in  the  other  mills,  attempts  were  made  to  produce  as  much  60  per 
cent  concentrate  as  possible,  but  as  the  company  has  its  own  refineries, 
lower-grade  concentrates  can  be  utilized,  down  to  40  per  cent.    Thus 
the  total  recovery  is  increased,  as  the  losses  incident  to  raising  the 
grade  of  concentrates  are  avoided.    The  mill  circuit  is  shown  in  Plate 
XIII.    Plate  XI,  5,  shows  an  exterior  view  of  the  mill,  and  Plate 
XI,  (7,  shows  a  view  of  a  Deister-Overstrom  table  with  a  white 
enameled  deck. 

.      THE  BOULDEK  TUNGSTElf  PBODUCTION  CO. 

At  Tungsten  (Stevens  Camp),  Colo.,  also  is  the  concentrating  mill 
of  the  Boulder  Tungsten  Production  Co.  As  the  mill  was  closed 
at  the  time  of  the  author's  visit,  it  was  not  studied  in  detail.  A  mill 
circuit  was,  however,  made  and  is  shown  in  figure  7.  An  exterior 
view  of  the  mill  is  shown  by  Plate  X. 

THE  WOLF  TONGUE  MILL. 

The  Wolf  Tongue  mill  at  Nederland,  on  Middle  Boulder  Creek,  at 
the  head  of  Boulder  Reservoir,  17  miles  from  Boulder,  Colo.,  is  one 
of  the  old  stamp  mills  erected  to  treat  gold  and  silver  ores  from  the 
Caribou  district  and  was  later  remodeled  to  handle  tungsten  ores. 
In  1919  it  was  the  only  tungsten  mill  in  the  district  that  used  stamps ; 
these  had  been  discarded  as  primary  crushers  and  were  used  for  re- 
grinding  jig  tailing.  The  capacity  of  the  mill  was  500  to  2,000 
pounds  of  concentrate  a  day,  depending  upon  the  character  of  the  ore. 
About  90  per  cent  of  the  ore  handled  was  from  the  company's  own 
mines,  and  of  this  amount  about  one-half  was  mined  on  company 
accoimt  and  one-half  by  lessees.  The  mill  circuit  is  shown  in  figure 
8  and  a  view  of  the  mill  is  given  in  Plate  XI,  A. 

This  mill  has  a  new  type  of  jig,  the  Eggers  differential-stroke 
pulsating  jig,  which  has  efficiently  treated  tungsten  ores.  This  jig 
is  shown  in  Plate  XII. 
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THE  BABE  METALS  OBE  CO.  MUX. 

The  mill  of  the  Hare  Metals  Ore  Co.,  at  Rollinsville,  about  4  miles 
south  of  Nederland,  on  the  Denver  &  Salt  Lake  Railroad  (Moffat 
Boad),  was  designed  to  treat  ores  from  the  company's  mines  in  the 
northern  end  of  Gilpin  County,  but  it  also  handles  custom  ores.  It 
is  one  of  the  new  mills  of  the  district  and  represents  the  latest  in 
tungsten  mill  design.  Excellent  recoveries  are  made,  even  when 
treating  the  ^  horn-stone  "  ores.  It  has  a  capacity  of  about  50  tons  of 
1.5  per  cent  ore,  or  25  tons  of  4  or  5  per  cent  ore,  or,  in  terms  of  units, 
from  75  to  125  units  in  24  hours.  Ores  as  low  as  1  per  cent  are 
treated.  Recoveries  range  from  80  to  90  per  cent.  All  concentrates 
marketed  contain  60  per  cent  or  more  WOg. 

The  jig  concentrate  is  obtained  by  skimming  the  bed  at  suitable 
intervals.    The  jig  screens  are  20  to  25  mesh. 

The  treatment  of  the  ^^rag  plant"  concentrates  is  of  interest 
These  concentrates,  which  contain  about  20  per  cent  WO,,  are  dried 
and  go  to  a  Bland  screen,  which  makes  three  products,  as  follows: 
Material  retained  on  0.004-inch  opening,  China  silk  cloth,  which  is 
put  in  the  Wilfley  table  feed ;  material  passing  the  0.004-inch  open- 
ings and  retained  on  0.002-inch  openings,  which  is  fed  to  a  separate 
Deister  table ;  and  material  passing  through  the  0.002-inch  openings, 
which  is  high  enough  (40  or  60  per  cent)  in  WOg  to  be  mixed  witi 
concentrates  carrying  more  than  60  per  cent  WOg.  This  mill  i»s 
concentrated  scheelite  ores,  rebellious  ore  containing  barite  which  was 
sent  from  the  Orient  for  concentration,  and  also  rejects  from  some 
of  the  other  concentrating  mills.  The  mill  circuit  is  shown  in  figure 
9,  and  a  view  of  the  mill  in  Plate  XIV. 

THE  FBIMOS  CHEMICAIi  CO. 

The  Lakewood  mill  of  the  Primes  Chemical  Co.,  at  Lakewood. 
Colo.,  4  miles  north  of  Nederland,  formerly  crushed  all  the  ore  bj 
stamps  and  contained  no  jigs,  tables  and  the  " rag  plant"  being  used 
entirely.  In  1919,  however,  practice  had  been  changed  to  conform 
to  the  better  methods  of  the  other  mills.  The  mill  handles  custom 
ore  and  that  from  the  company's  own  properties.  An  exterior  view 
of  the  mill  and  the  surrounding  tract,  showing  the  Conger  and 
Beddig  mines,  appears  in  Plate  III,  C  and  D  (p.  18). 

MILL  BEFOBT  SHEETS  AND  CALCX7LATI0NS. 

Recovery  is  best  calculated  by  comparing  the  number  of  pounds  of 
WOg  in  the  heads  with  the  total  number  of  pounds  in  the  different 
concentrate  products.  All  figures  must  be  based  on  dry  weight  and 
accurate  samples.    Tailing  samples,  judged  from  the  samples  ivom 
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FiouRB  9. — Mill  circuit  of  the  Rare  Metala  Ore  Co.  mUl,  Bollinsville,  Colo. 
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most  of  the  mills  in  this  district,  give  inaccurate  results,  as  before 
the  pulp  passes  over  the  rag  plants,  its  last  treatment,  it  is  classified, 
the  coarse  going  to  waste  and  the  slimes  going  to  the  canvas,  thence 
to  waste ;  and  the  two  waste  streams  can  not  be  combined  so  as  to 
give  accurate  samples.  In  some  mills  where  a  "rag  plant"  is  not 
used,  settling  boxes  are  installed  for  trap  material  which  is  held 
for  retreatment  later,  this  material  may  consist  of  thickened  pulp 
from  one  or  more  lots,  as  it  is  not  economically  possible  to  keep 
each  lot  of  such  pulp  separate. 

At  one  mill — ^that  of  the  Tungsten  Products  Co. — ^the  mill  flow  is 
such  as  to  give  a  very  good  tail  sample,  which  is  useful  as  a  check. 
An  automatic  tailing  sampler,  as  shown  in  figure  10,  is  used  at  this 
mill. 

The  typical  mill  sheet,  shown  in  Table  6,  shows  how  recoveries 
are  calculated. 


FiouBB  10. — Automatic  tailing  sampler :  a,  water ;  b,  pivot ;  c,  atrap  iron ;  d,  stop ;  ^ 

tearing;  f,  roller;  g,  eotter. 
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Table  6. — A  typical  mitt  sheet. 

[Mfil  report  nm  No.  50— Started  Nov.  16;  closed  Dec.  29, 1918.    Days'  running  tlmey  44,  Boulder,  Colo.] 


BiU  No. 
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20.247 

rT)2n 

40,158 

9,638 

824 

10,956 
2,351 

13,134 
921 
6,350 
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746.8 

2,404.5 
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Do. 
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Do. 
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Do. 

Do. 

Do. 
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OLASSinCATZOV  OF  HIX.L  ORES. 


Under— 


2peroent 

2 to 5 per  cent.. 
5tol0jperoent. 
iO  to  20  percent 
20  to  30  per  cent 
30to40peroent 


Net 
weight. 
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9,463 

20,694 

78»602 

94, 304 

3,015 

4,704 
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2.83 

a60 

13.40 

21.96 
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10.96 


Wd. 
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583.0 
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12,644.7 
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40 
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93 
93 
94 
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4  707.4 

7,966.1 

636.3 
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Computed  ttmn.  an  "ultimate"  table. 


HEOOVESED. 


BUI  No. 


662. 
663. 
664. 
665. 
666. 
668. 
667. 
669. 
670. 


Kind. 


do 

Slimes 

Concentrates. 


Jigs.... 

Slunes. 


Concentrates.. 
SUmes 


Num- 
ber of 


24 

22 

9 

9 

109 

64 

106 

46 

6 


Weight. 


Poundt, 
2,280 

822 
883 

10,409 
2,966 

10,072 

4,529 

541 


34,592 


Percent, 
67.90 
09.60 
04.10 
69.70 
59.30 
6a  40 
67.70 
6a  40 
57.60 


69.10 


WO,. 


Poundt, 

l,33ai 

1,246.6 

626.9 

627.2 

6,17Z5 

1, 791. 5 

5,811.6 

2,73&5 

311.6 


20^442.4 


Percent- 
age WOa 
saved. 


6.5 

t\ 

2.5 
30.2 

&8 
28.4 
13.4 

1.6 


loao 


Value,  118 

+  16  per 

cent. 


$1,366 
1,289 
645 
645 
6,388 
1,864 
61014 

322 


21,167 


294  hours  on  feed;  8  hours  on  repairs;  51  running  sands  and  cleaning  tanks. 

88. 1  per  cent,  saving  average  59.1  per  cent  grade. 

71.2  per  cent  of  recovery  to  Jigs  67.0  per  cent  grade. 

15.9  per  cent  of  reoovery  to  coneentrates  60.3  per  cent  grade. 
12.9  per  cent  of  reoovery  to  BtlniBB,  00.7  per  cent  grade. 


50  TREATMENT  OF  THE  TUNGSTEN  ORBS. 

phosphorus  and  sulphur.    At  the  time  of  the  writers^  visit  (January, 
1919)  only  the  plant  of  the  Black  Metal  Reduction  Co.  was  running. 

PLANT  OP  THE  BLACK  METAL  REDUCTION  OO. 

The  mill  of  the  Black  Metal  Reduction  Co.  (PL  XV,  B)  treats 
tungsten  ores  containing  as  low  as  12  per  cent  WO3  and  produces  a 
high-grade  tungstic  acid  (WOg),  said  to  contain  less  than  0.03  per 
c^nt  phosphorus,  0.3  per  cent  sulphur,  and  only  a  small  percentage  of 
silica.  After  drying,  its  purity  ranges  from  99  to  99.7  per  cent  WO3. 
The  production  in  1919  was  about  500  pounds  of  tungstic  acid  a  day, 
which  would  correspond  to  treating  3,000  pounds  of  ore  of  about  20 
per  cent  grade.  The  process  is  claimed  to  treat  economically  ore 
containing  less  than  12  per  cent,  but  higher-grade  ore  is  sought. 
The  ore  is  bought  from  custom  mills  and  from  miners.  A  de^rip- 
tion  of  the  process  follows: 

The  ore  is  mixed  with  sodium  carbonate  and  salt,  and  the  charge 
is  placed  for  about  an  hour  in  sheet-iron  pans  measuring  2  by  4  feet 
and  6  inches  in  depth,  in  a  fire-brick  furnace  heated  by  a  Case  crude- 
oil  burner.    The  charge  is  so  proportioned  that  a  glass  slag  is 
obtained.    The  pans  are  pulled  out  of  the  furnace  onto  an  iron  rack, 
are  clamped  and  inverted,  and  the  fused  charge  is  dumped  into  an  iron 
receptacle,  where  it  cools.     The  charge  is  broken  into  pieces  anrf 
ground  by  a  jaw  crusher  to  approximately  one-half  inch  size.    Tb« 
crushed  material  is  stored  in  a  bin  from  which  a  weighed  amount  is 
charged  into  a  large  cement  mixer  and  treated  with  hot-water  wash 
liquor  from  a  previous  run. 

After  lixiviation  the  contents  of  the  cement  mixer  are  dumped  into 
a  screen-bottom  trough,  which  retains  the  coarse  residue.  This 
residue  is  shoveled  back  into  the  cement  mixer  and  washed  with  hot 
water,  and  this  hot-water  wash  liquor  is  retained  and  used  for  the 
original  wash  in  the  next  run.  The  concentrated  solution  which 
passes  the  screen  trough  goes  into  a  sump,  from  which  it  is  pumped 
into  a  desliming,  baffle  tank,  and  from  there  is  run  into  another  tank, 
where  a  further  settling  takes  place.  The  clear  solution  from  this 
tank  is  pumped  to  the  top  of  the  building  to  a  so-called  "special 
treatment  tank."  The  treatment  given  in  this  tank,  said  to  be  the 
only  secret  connected  with  the  process,  removes  the  last  traces  of 
phosphorus,  arsenic,  silica,  and  other  deleterious  substances.  The 
contents  of  this  tank  are  put  through  a  Sweetland  filter  press,  from 
which  the  clear  solution  is  run  into  a  large  wooden  tank,  heated  by 
steam  coils,  in  which  calcium  tungstate  is  precipitated  by  the  addi- 
tion of  a  solution  of  calcium  chloride. 

The  precipitate  is  allowed  to  settle,  scraped  out  and  diunped  into 
a  wooden  revolving  drum,  where  it  is  treated  with  commercial  hydro- 
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chloric  acid.  It  is  then  allowed  to  settle  and  the  solution  is  drawn 
off  through  a  suction  filter.  The  residue  is  treated  twice  in  this 
manner  with  hydrochloric  acid,  and  finally  the  whole  is  dumped 
onto  the  suction  filters.  The  precipitate  is  tungstic  acid.  The  acid 
solution,  which  contains  the  calcium  chloride  and  calcium  sulphate, 
is  allowed  to  run  into  stone  vessels,  where  the  calcium  sulphate  finally 
crystallizes  out.  The  clear  acid  solution  is  then  drawn  into  barrels, 
lime  is  added,  producing  calcium  chloride,  which  is  allowed  to  settle. 
The  residue  obtained  in  these  barrels  usually  contains  15  to  20  per 
cent  tungstic  oxide.  This  calcium  chloride  solution  is  used  for  fur- 
ther precipitations.  The  tungstic  acid  is  placed  in  wooden  pans, 
dried  in  a  steam-piped  oven  and  shipped  in  sheet-iron  drums.  The 
moisture  content  of  this  acid  is  5  to  10  per  cent.  The  process  is 
covered  by  United  States  Patent  1265144,  February  5, 1918. 

KANTTEACTUBE  OF  FEBBOTUNGSTEN. 

Three  electric  smelting  plants  have  been  built  in  Colorado  to  smelt 
ferberite  concentrates,  as  listed  in  Table  7:^' 


Table 

7. — Colorado  ferrotungaten  plants. 

Company. 

Location. 

1          .,              ,            , 

TuiUBsteii  Products  Co 

Boulder 

800    Ferrotuncsten. 

BooUer  Tungsten  Production  Co. 
Ferro-AlIoyCo 

....  .do. ........... 

400           Da  " 

Utah  Junction.... 

2, 700    300  kilowatts  formerly  used  fdr  making 
ferrotmififtia;   later    all    used    for 
maUng  xerrocbrome. 

TUNGSTEN  PRODUCTS  CX). 

The  plant  of  the  Tungsten  Products  Co.  is  on  the  north  bank  of 
Boulder  Creek,  in  the  mouth  of  the  canyon  and  on  the  outskirts  of 
the  city  of  Boulder.  Power  is  supplied  to  the  plant  by  the  Colorado 
Power  Co.  at  a  nominal  voltage  of  13,200  volts.  It  is  metered  by  the 
power  company  at  a  point  outside  the  city  limits  of  Boulder  and  is 
conducted  to  the  reduction  plant  over  the  private  line  of  the  Tungsten 
Products  Co.,  where  the  furnace  transformers  of  the  company  trans- 
form it  to  a  furnace  voltage  of  from  55  to  90  volts.  The  furnaces 
are  installed  in  a  wooden  frame  building  with  corrugated-iron  siding 
and  roofing,  but  the  transformers  are  in  a  fireproof  substation. 

Ferberite  concentrate,  other  domestic  ores,  and  imported  scheelite 
and  wolframite  are  smelted  at  this  plant.  Much  of  the  concentrate 
is  purchased  in  a  low-grade  form  or  contains  impurities.  Before 
smelting,  this  material  is  treated  on  a  Wetherill  magnetic  separator 

i^Keeney,  Robert  M.,  The  manufacture  of  ferro-alloys  In  the  electric  furnace:  Bull. 
American  Institute  of  Min.  and  Met.  Eng.,  August,  1918,  p.  1821. 
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to  raise  the  grade  and  remove  the  impurities.    Other  raw  materials 
are  lime,  silica,  and  coke. 

The  furnaces  range  in  size  from  75  to  160  kw.  and  have  been 
operated  at  voltages  ranging  from  55  to  90  volts,  but  were  finally 
operated  at  a  voltage  of  55  to  65  volts,  as  with  the  lower  voltages 
metal  could  be  produced  containing  less  slag.  The  furnaces  have  a 
vertical,  movable  carbon  or  graphite  electrode,  a  bottom  contact  of 
carbon  embedded  in  the  floor  and  a  knockdown  steel  shell,  lined 
usually  with  coke  rammed  in  place  with  hot  pitch  as  a  binder.  The 
so-called  acid  process  is  used,  and  the  coke  lining  is  used  except 
when  refining  with  a  basic  slag  to  remove  impurities  is  necessary; 
then  a  magnesite  lining  is  used.  The  shells  of  the  larger  furnaces  are 
about  4  feet  6  inches  in  diameter  by  4  feet  6  inches  deep,  are  set  on 
a  fire-brick  base,  and  have  a  turtleback  roof  with  one  end  open  for 
charging.  There  is  a  single  tap  hole  for  removal  of  slag  as  it  rises 
in  the  furnace,  all  metal  collecting  in  a  button  in  the  furnace  bottom. 
The  vertical  electrodes  are  either  of  graphite,  4  inches  in  diameter, 
o^  of  carbon,  6  inches  in  diameter,  and  are  suspended  by  steel  cables 
with  automatic  control  of  the  electrodes  and  the  load  on  the  furnaces 
by  Thury  electrode  regulators  and  electric  winches.  Plate  XVI,  B, 
shows  the  exterior  of  the  smelter  and  chemical  plant,  and  Plates 
XVI,  -4,  and  XVII  show  the  electric  furnaces  in  operation. 

A  general  outline  of  the  process  follows : 

The.  empty  furnace  shell,  with  a  form  in  it,  is  set  on  the  floor  aai 
rammed  from  bottom  to  top  with  coke  and  hot  pitch.  There  is 
no  bottom  to  the  shell.  When  the  lining  has  set,  the  shell  is  lifted 
with  chain  blocks  and  placed  on  the  fire-brick  base  surrounding  the 
bottom  carbon  contact.  A  fire-brick  base  is  placed  on  the  furnace, 
leaving  one  end  open  for  charging.  The  electrode  is  lowered  into  place, 
contact  through  the  bottom  is  obtained  by  hand  control  of  the  elec- 
trode, and  charging  is  started  by  shoveling  the  mixture  through  the 
side  roof  opening  at  regular  intervals.  As  soon  as  a  bath  of  slag 
forms  on  the  bottom  the  electrodes  are  operated  automatically  by 
the  Thury  regulators. 

The  f errotungsten  forms  a  pasty  button  about  2  feet  in  diameter 
on  the  lower  contact  and  gradually  builds  up,  raising  the  slag 
level  until  the  latter  is  above  the  tap  hole,  when  the  slag  is  tapped. 
This  continues  for  about  72  hours.  The  slag  is  tapped  at  regular 
intervals  until  the  furnace  contains  2,000  to  5,000  pounds  of  ferro- 
tungsten,  then  the  roof  is  removed,  and  the  shell  containing  the  metal 
and  lining  is  lifted  to  the  base.  After  cooling  a  little  the  lining  and 
metal  are  removed  from  the  shell.  The  metal  button  is  cleaned  with 
pneumatic  cleaning  tools  and  placed  under  a  skull  cracker  of  the 
usual  steel- works  type  which  breaks  the  f errotungsten  into  75  to  100 
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pound  chunks.    These  chunks  are  broken  to  fist  size  under  a  steam 
hammer  and  crushed  further  in  a  jaw  crusher  and  rolls  to  pass  }-inch 

mesh. 

In  brief,  ferrotungsten  is  produced  at  this  plant  in  a  single  opera- 
tion by  smelting  with  an  acid  slag  in  an  electric  furnace  with  a 
carbon  lining.  Because  of  the  metal  being  pasty  as  it  forms  in  the  fur- 
nace, carbon  is  not  absorbed  from  the  lining,  and  the  acid  slag  pre- 
vents absorption  from  the  reducing  carbon  in  the  charge.  With  a 
high  phosphorus  ore,  however,  basic  refining  is  sometimes  necessary 
to  remove  the  phosphorus  in  the  metal  first  reduced.  As  far  as  can 
be  judged,  the  grade  of  product  made  is  one  of  the  highest  produced 
in  this  cWntry,  as  it  averages  80  to  85  per  cent  tungsten,  less  than 
0.5  per  cent  carbon,  less  than  0.03  per  cent  phosphorus,  and  less 
than  0.03  per  cent  sulphur,  with  about  0.5  per  cent  manganese  and 
silicon.  The  plant  has  a  capacity  of  4,000  pounds  of  contained  tung- 
sten in  24  hours. 

B0niJ>£R  TUNGSTEN  PRODUCTION  CO. 

The  plant  of  the  Boulder  Tungsten  Production  Co.  is  on  the 
south  bank  of  Boulder  Creek  and  in  the  mouth  of  the  canyon,  just 
outside  the  city  limits  of  Boulder.  Power  is  supplied  to  the  plant 
by  the  Colorado  Power  Co.  at  a  nominal  voltage  of  13,200  volts  and 
is  transformed  to  a  furnace  voltage  of  from  50  to  100  volts  by  two 
200  kva.  furnace  transformers,  connected  by  the  Scott  connection. 
The  furnaces  are  in  a  frame  building. 

The  ore  smelted  was  ferberite  concentrate  from  the  company's 
mine  and  mill.  The  plant  ran  only  a  few  weeks,  producing  several 
thousand  pounds  of  ferrotungsten  of  variable  grade. 

Four  small  pot  furnaces  of  the  general  type  described  above  car- 
ried a  load  of  75  to  100  kw.  The  shells  were  about  3  feet  in  diameter 
and  3  feet  deep.  The  electrodes,  of  4-inch  graphite  or  5-inch  carbon, 
were  regulated  by  hand-operated  winches.  As  there  was  only  one 
primary  switch  for  the  four  furnaces  control .  of  a  furnace  was 
difficult.  Small  buttons  of  ferrotungsten,  weighing  about  500  pounds, 
-were  produced.  Details  of  the  process  used  were  not  available. 
This  plant  also  includes  a  tungstic  acid  plant,  which  on  account  of 
the  high  cost  of  production,  had  been  temporarily  discontinued. 

FEBRO-AIJX)T   00. 

Keeney^®  has  given  the  following  description  of  the  furnaces  of 
the  Ferro- Alloy  Co. : 

The  plant  of  the  Ferro-Alloy  Co.,  at  Utah  Jnnetion,  contains  one  750-kw. 
tbrce-phase  furnace,  to  which  power  Is  supplied  by  throe  250-kw.  transformers, 

»«Keeney,  R.  M..  Work  dted. 
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connected  so  as  to  give  129  volts  on  the  furnace  cables,  the  tranaformer  ratio 
being  13,200  to  75  volts.  The  furnace  operates  with  an  actual  voltage  of  120 
volts  and  produces  about  3  tons  of  ferrochrome  i)er  24  hours  from  40  per  cent 
tJraOt  ore.  The  furnace  consists  of  a  steel  shell  of  circular  cross  section,  8  feet 
(2.43  m.)  in  diameter  by  7  feet  (2.18  m.)  deep,  lined  with  magneslte,  and  hav- 
Uig  three  vertical  carbon  electrodes  12  Inches  (80.48  cm.)  in  diameter. 

A  450*kw.  furnace,  of  the  same  siise  as  the  760-kw.  furnace,  is  also  operated  on 
l:hrome  ore.  This  furnace  is  three-phase  in  appearance  but  operates  electrically 
as  a  single-phase  furnace.  There  are  three  vertical  carbon  electrodes  8  indies 
(20.32  cm.)  in  diameter  with  a  conducting  carbon  bottom.  Power  is  supplied 
by  three  150-kw.,  single-phase  transformers,  two  of  which  have  a  ratio  of 
13,200  to  95  volts  and  one  a  ratio  of  13,200  to  100  volts.  From  each  transfonner 
bne  lead  goes  to  one  vertical  electrode,  and  one  lead  to  the  carbon  bottom,  so 
that  the  transformers  are  electrically  independent  The  furnace  voltage  varies 
from  90  to  95  volts. 

At  intervals,  150-kw.,  single-phase  furnaces  are  operated  on  ferrotungsten. 
These  furnaces  have  one  vertical  graphite  electrode  4  inches  (10.16  cm.)  in 
diameter,  with  a  water-cooled  steel  bottom  contact.  The  furnace  shells  are  4 
feet  (1.22  m.)  in  diameter  and  are  mounted  on  trunnions,  the  slag  being  poured 
by  tilting  the  furnace.  All  of  the  electrodes  are  regulated  by  hand.  The  chrome 
furnaces  are  operated  without  roofs  and  the  tungsten  furnaces  with  roofa  The 
whole  plant  has  a  power  factor  of  90  per  cent. 

The  following  description  of  the  manufacture  of  ferrotungsten 
in  Colorado  has  been  given  by  Keeney :  ** 

Tungsten  is  the  leading  alloy  metal  used  in  the  manufacture  of  high-speed 
steel.  Probably  about  half  of  the  consumption  is  used  in  the  form  of  ferra 
tungsten,  the  remainder  being  tungsten  metaL  Colorado  has  supplied  a  lar^ 
part  of  the  tungsten  used  in  steel  manufacture,  but  is  gradually  being  surpassed 
by  California,  where  the  large  scheelite  deposits  can  produce  tungsten  con- 
siderably cheaper.  Ferberite,  found  in  Boulder  County,  (3olo.,  is  one  of  the 
most  favorable  forms  of  tungsten  for  production  of  ferrotungstoi,  containiDe 
both  iron  and  tungsten  in  the  proper  proportion  to  yield  70  to  80  per  cent 
ferrotimgsten.  At  present,  three  electric-furnace  plants  in  Colorado  are  maWnp 
or  have  made  ferrotungsten.  The  standard  grade  produced  by  the  Ferro- 
AUoy  Co.  contains  75  per  cent  tungsten,  0.8  per  cent  carbon,  0.4  per  cent  silicon. 
0.5  per  cent  manganese,  OjOI  sulphur,  and  0.02  per  cent  phosphorus.  The  Tungsten 
Products  Ck).  makes  about  the  same  grade  of  product,  except  that  the  carbon 
is  kept  below  0.5  per  cent  and  the  tungsten  runs  as  high  as  85  per  cent.  The 
product  of  this  company  Is  probably  the  highest  grade  and  the  purest  ferro- 
tungsten made  in  this  country.  Ferrotungsten  has  a  high  density,  fine  gW 
fracture,  and  is  not  crystalline — ^the  higher  the  carbon  the  coarser  the  fractuiv. 
The  carbon  in  ferrotungsten  occurs  as  the  double  carbide,  Fe»C.WsO. 

One  method  commonly  employed  for  production  of  ferrotungsten  Is  reduc- 
tion of  ferberite  or  some  other  concentrate  in  the  electric  furnace,  with  carb(»n 
as  a  reducing  agent,  followed  by  a  subsequent  refining  and  decarburization. 
Reduction  with  carbon  takes  place  according  to  the  following  reaction: 

FeW04+4C=FeW4-4CO. 

Theoretically  the  product  would  contain  76.6  per  cent  tungsten.  The  slag 
may  contain  as  high  as  8  per  cent  FeO,  but  less  than  1  per  cent  WOg.    The<>- 

-^  Keeney,  R.  M.,  The  manufacture  of  ferroalloys  in  Colorado :  Eng.  and  Mln.  Jour. 
vol.  106,  No.  9,  Auy.  31,  1918,  p.  405. 
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retically  the  redaction  of  100  parte  of  alloy  from  126  parts  of  ferberlte  requires 
20  parts  of  carbon,  but  practically  about  25  per  cent  excess  of  carbon  is 
charged.  Small  amounts  of  lime  and  fluorspar  are  used  to  flux  the  silica:. 
Operating  in  this  manner  witl^  an  excess  of  carbon  a  product  is  made  contain- 
ing 3  per  cent  carbon,  70  per  cent  tungsten,  0.05  per  cent  phosphorus,  and  0.01  per 
cent  sulphur ;  the  slag  contains  below  1  per  cent  WOt.  If  desired,  this  product  can 
be  tapped  from  the  furnace,  but  as  its  behavior  is  erratic,  it  is  preferable  to 
allow  the  metal  to  collect  in  the  bottom  of  the  furnace,  forming,  in  a  150-kw. 
furnace,  a  button  about  3  feet  in  diameter,  6  inches  thick,  and  weighing  1,000 
to  1,200  pounds ;  the  slag  is  poured  off  by  tilting  as  it  fills  the  furnace. 

Smelting  of  ferberite  concentrate. — ^A  typical  operation  is  conducted  as  fol- 
lows: The  initial  charge  is  66  pounds  of  a  mixture  composed  of  200  pounds 
concentrate,  42  pounds  coke,  56  pounds  lime,  6  pounds  fluorspar.  Three  more 
65-pound  charges  are  added  at  intervals  of  half  an  hour,  and  at  2}  hours  from 
the  start  the  furnace  is  tilted  and  the  slag  poured.  This  cycle  is  repeated 
until  a  l,200-x)ound  button  has  been  formed,  requiring  24  to  86  hours.  The 
furnace  Is  allowed  to  cool,  is  torn  down,  and  the  button  of  metal  removed. 
This  is  then  cleaned  and  broken  up,  the  breaking  process  being  somewhat 
difficult  with  a  3  per  cent  carbon  alloy. 

The  slags  produced  average  0.72  per  cent  tungsten,  and  thou^  there  is  con- 
siderable mechanical  loss,  due  principally  to  dusting,  the  total  loss  in  practice 
does  not  exceed  5  per  cent. 

Refining  ferrotungaten. — ^The  crude  metaU  brokei  to  about  6-lnch  size,  is 
refined  as  follows:  A  charge  of  150-pound  metal  and  75-pound  ferberite  con- 
centrate is  smelted  for  half  an  hour,  when  12  x>ounds  of  fluorspar  is  added. 
After  another  3  hours  the  slag  is  poured,  and  a  fresh  charge  is  started.  The 
process  is  continued  for  from  36  to  48  hours,  until  a  button  w^ghing  1,500 
pounds  has  formed  in  the  furnace,  a  larger  button  being  permissible  because 
the  low-carbon  alloy  is  easier  to  break.  The  furnace  is  allowed  to  cool,  is  torn 
down,  and  the  button  of  metal  removed,  cleaned,  and  broken.  The  refined  button 
forms  compactly  and  is  free  from  slag.  The  refining  reduces  the  carbon  from 
B  to  0.8  per  cent,  the  phosphorous  from  0.05  to  0.01  per  cent,  leaves  the  sulphur 
the  same,  and  increases  the  tungsten  from  70  to  75  per  cent  The  refining  slag 
contains  5  to  20  per  cent  tungsten,  and  is  resmelted  in  a  special  run. 

Ferrotungsten  is  one  of  the  easiest  ferroalloys  to  manufacture,  except  for  the 
fact  that  it  must  be  made  in  a  knockdown  furnace,  due  to  the  high  melting 
point  of  the  alloy,  about  2,500**  G.  Metallurgically  it  is  simple,  as  tungsten  has 
not  so  great  a  tendency  to  form  carbides  or  to  oxidize  as  have  chromium  and 
uranium.  Ferrotungsten  containing  less  than  1  per  c«it  carbon  can  be  made  in 
a  single  smelting  operation  by  careful  regulation  of  the  carbon  in  the  charge 
and  the  use  of  an  acid  slag.  The  disadvantage  of  this  method  is  that  the 
product  is  less  pure,  and  the  slag  loss  is  considerably  higher.  The  metal  will 
contain  much  higher  phosphorus  and  sulphur,  and  the  total  loss  of  tungsten 
may  be  25  per  cent,  as  compared  with  10  to  15  per  cent  by  tiie  two-stage 
process. 

Nearly  every  manufacturer  of  ferrotungsten  has  tried  to  tap  It  from  the 
furnace,  but  none  has  continued  the  practice.  If  the  tungsten  is  reduced  to 
56  to  60  per  cent,  the  alloy  can  be  tapped,  even  with  cai1M>n  as  low  as  0.2  per 
cent.  With  tungsten  at  70  per  cent,  metal  containing  0.9  p»  cent  carbon  has 
run  out  while  pouring  slag,  but  generally  any  metal  which  comes  out  with  the 
slag  will  contain  1.25  per  cent  carbon.  The  irregularity  of  tapping  operations 
with  ferrotungsten  has  prevented  the  adoption  of  that  method,  because  if  part 
of  the  nietal  must  be  retained  in  the  furnace,  it  is  cheaper  to  keep  it  all  there. 
Furthermore,  the  poured  metal  is  very  hard  to  break. 
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In  f^rotungBten  production  it  is  essential  to  maintain  regularity  of  charging, 
as  this  is  the  only  way  to  insure  homogeneous  composition  of  the  metal,  as  the 
bnttim  is  not  melted  throughout  Bven  during  refining,  the  metal  does  not  melt 
to  any  extent,  the  action  taking  place  while  the  metal  is  in  a  pasty  condition. 
To  insure  a  more  homogeneous  product,  consumers  require  the  alloy  to  be 
crushed  to  one-fourth  inch,  this  crush^g  forming  one  of  the  main  trials  of  the 
manufacturer. 

Ferrotungaten  analyaes. 

Percent 

Tungsten 69.  7    -74. 19 

Carbon .88-1.00 

SiUcon .  89  -    .76 

Manganese .  15  -    .53 

Sulphur .  002-    .  055 

Phosphorus .  013-    .  037 

Analyses  of  ferrotungsten  made  from  ferberite  by  smelting  and  refining 
indicate  the  limits  in  composition  shown  in  the  table. 

IMPURITIES  IN  FERROTUNGSTEN  MANUFACTURE. 

The  most  objectionable  impurities  in  concentrates  used  for  the 
manufacture  of  ferrotungsten  are  phosphorus,  copper,  tin,  and  sul- 
phur. Of  these  impurities  the  only  one  that  ferberite  concentrate 
is  likely  to  contain  to  an  injurious  degree  is  phosphorus.  Some  phos- 
phorus may  be  removed  by  magnetic  concentration,  or  from  crude 
ferrotungsten,  by  basic  refining.  The  general  guarantee  made  bj 
ferrotungsten  manufacturers  is  that  the  phosphorus  in  the  fer- 
rotungsten will  not  exceed  the  percentage  of  phosphorus  in  the  con- 
centrate smelted.  Guarantees  made  by  the  two  companies  named 
below  were  as  follows : 

Quality  of  ferrotungsten  as  guaranteed. 


Tungsten 

Carbon,  not  over 

Manganese,  not  orer. . 

SlUcon,  not  over 

Sulphur,  not  over 

Phosphorus,  not  over. 
Copper 


Vana- 
dium 
Alloy 
Steel  Co. 


Fcm> 
Alloy  Co. 


The  usual  guarantee  for  carbon  is  now  that  the  metal  will  contain 
less  than  0.5  per  cent.  With  an  acid  slag  the  percentage  of  carbon 
can  be  kept  this  low  by  a  single  operation,  but  with  a  basic  slag 
the  metal  first  produced  must  be  refined.  In  smelting  ferberite  con- 
centrate no  difficulty  is  experienced  in  keeping  the  manganese  in  the 
ferrotimgsten  less  than  0.6  per  cent,  but  in  smelting  wolframite  an 
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acid  slag  must  be  used  to  cause  the  manganese  to  pass  into  the  slag. 
Silicon  seldom  exceeds  1  per  cent  unless  there  is  an  excess  of  reducing 
agent  in  the  charge.  With  a  basic  slag  the  sulphur  usually  runs  less 
than  0.01  per  cent,  but  with  an  acid  slag  it  is  easily  kept  below  0.05 
per  cent  in  the  ferrotungsten.  Phosphorus  tends  to  be  higher  in  the 
f  errotungsten  produced  by  the  single-stage  acid  process  than  in  that 
made  by  the  double-stage  basic  process,  in  which  the  phosphorus  is 
removed  as  in  the  basic  refining  of  steel.  The  percentage  of  copper 
in  ferrotungsten  is  generally  equal  to  that  in  the  concentrate. 

IfSTHOI)  OF  SAIICPLING  AND  ANAIiYSIS  OF  FEBBOTUNaSTEN  AND 

TUNGSTEN  METAL  POWDER 

• 

The  method  of  sampling  and  analyzing  ferrotungsten  and  tungsten 
metal  powder  at  the  laboratories  of  the  Tungsten  Products  Co.,  at 
Boulder,  Colo.,  have  been  described  especially  for  this  bulletin  by 
A.  J.  Guerber  and  F.  J.  Gibson,  as  follows : 

FREPAKATION  OF  SAMPLE. 

The  refined  ferrotungsten,  crushed  and  rolled  to  pass  a  i-lnch  mesh 
screen,  goes  to  a  machine  which  automatically  mixes,  samples,  and  sacks  the 
product  for  shipment.  The  sampler,  which  is  of  a  special  type  developed  by 
this  company,  cuts  one-fifth  of  the  total  mix.  This  cut  passes  through  the  ma- 
chine again  after  being  rolled  to  approximately  i-inch  mesh.  If  the  original 
mix  is  very  large,  the  operations  Is  repeated  to  bring  the  weight  of  the  sample 
down  to  less  than  500  pounds.  This  final  sample  from  the  automatic  is  passed 
repeatedly  through  a  riffle  sampler  until  the  last  cut  weighs  16  to  50  jwunds. 
This  goes  to  the  laboratory  sampling  department,  where  it  is  reduced  in  a 
steel  mortar  to  pass  a  iftr-inch  screen.  The  pounding  necessary  for  this  process 
is  done  by  a  2-inch  IngersoU-Rand  piston  drill  set  up  vertically  in  a  frame  above 
the  mortar  and  pestle  in  such  a  manner  that  it  is  used  as  an  air  hammer,  as 
shown  by  Plate  XV,  A  (p.  43).  The  sample  is  thoroughly  mixed  and  qplit  twice, 
and  one-quarter  is  then  further  reduced  to  pass  a  10-mesh  screen.  This  procedure 
of  screening,  mixing,  and  splitting  is  continued  through  a  series  of  screens 
until  the  last  portion  imsses  the  200-mesh  screen,  giving  the  analyst  about  100 
grams  of  finely  powdered  metal.  By  this  system  the  reduction  of  a  20-pound 
sample  received  from  the  smelter  to  a  100-gram  laboratory  pulp  of  200-me8h 
powder  requires  about  one  hour. 

DETERMINATION  OF  TUNGSTEN. 

Mix  two  1-gram  samples  s^arately  in  nickel  crucibles  with  about  5  grams 
of  sodium  peroxide  and  a  cover  of  sodium  carbonate  and  fuse  in  an  electric 
muffle  at  about  800°  G. ;  it  requires  six  to  seven  minutes  to  malte  a  perfect  de- 
composition. Cool,  leach  with  water  In  oovered  400-c.  c.  beakers.  Remove 
crucibles  and  acidify  carefully  with  hydrochloric  acid,  using  moderate  excess. 
Add  about  2  c.  c.  nitric  acid  or  HaOs,  to  assist  in  dissolving  any  small  fragments 
of  nickel  oxide  scale,  and  bring  to  a  boil.  Most  of  the  tungsten  separates  as 
H3WO4  and  all  iron,  nickel,  and  salts  are  in  solution.  Add  about  40  c.  c.  cin- 
chonine  jsolution,  stir  and  let  stand  in  a  warm  place  for  about  four  hours,  or 
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preferably  oyer  night.  Tliis  precipltateB  all  tbe  remaining  tungaten  as  dn- 
chonine  tiingstate,  and  has  been  proved  as  eflective  a  reagent  for  tliis  purpose 
as  quinine  hydrochloride. 

Filter  off  the  settled  precipitate  through  a  15-cm.  close>weave  paper  over  a 
platinum  cone  and  suction  flask.  Wash  thorouglily  with  warm  dilate  cincho- 
nine  wadi  water,  using  gentle  suction.  The  precipitate  wili  not  stick  to  the 
beaker  if  a  few  drops  of  hydrofluoric  add  are  used  when  copirfng  out.  The 
washed  precipitate  is  transferred  to  a  shallow  gold  dish  of  known  v^eU^ht  and 
ignited  to  WO*  in  the  muffle.  Cool,  moisten  with  10  or  12  drops  of  hydrofluoric 
add  to  remove  any  traces  of  S10»  which  might  he  carried  down,  dry  and  ignite 
again.  Weigh  and. calculate  to  W.  The  factor  is  0.793.  Duplicate  determina- 
tions carried  out  in  this  way  should  check  to  within  0.10  per  cent. 

Clnchonlne  solution  is  prepared  by  dissolving  50  grams  of  cinchonine  alka- 
loid in  2  liters  of  cold  water  containing  150  c.  c.  of  hydrochloric  acid. 

Cinchonine  wash  water,  made  from  100  c.  c.  of  the  above  cinchonine'  solu- 
tion and  50  c.  c.  hydrochloric  add  diluted  to  1  liter  with  hot  water  and  used 
from  a  bulb  wash-bottle.  Is  convenient. 

DETERMINATION  OF  CABBON. 

As  ferrotungsten  and  tungsten  metal  powder  burn  completely  and  readily  in 
oxygen,  carbon  Is  easily  determined  in  any  type  of  combustion  train.  In 
this  laboratory  the  preferred  method  is  to  catch  the  CO»  in  a  Meyer  bulb  in  2 
per  cent  barium  hydrate  solution,  filter,  wash,  and  weight  the  BaCOs. 

DETERMINATION  OF  StTLPHrR. 

The  usual  fusion-oxidation  methods  of  determining  sulphur  are  open  to  ob- 
jections when  applied  to  a  ferroalloy  or  other  material  whose  suiphur  contoit 
is  below  0.05  per  cent.  The  blank  Is  always  high,  due  to  traces  of  sulphates  in 
fluxes  and  reagents  used  and  the  danger  of  picking  up  fumes  or  traces  of 
sulphuric  acid  from  the  apparatus  of  a  general  laboratory. 

We  have  found  that  the  sulphur  content  of  ferrotungsten  occurs  as  sulphides 
which,  in  a  finely  ground  sample,  are  completely  decomposed,  yielding  Hs8.  Tbis 
suggests  at  once  the  application  of  the  evolution  method,  which  has  been  used 
successfully  in  this  laboratory  for  this  purpose  for  two  years. 

Two  to  five  grams  of  200-mesh  ferrotungsten  or  metal  powder  are  weighted 
into  an  evolution  fiask.  Cover  with  50  c.  c.  water  and  add  25  c.  c.  strong  liydro- 
chlorlc  acid  by  way  of  the  separatory  funnel.  Heat  to  boiling  and  boil  for 
about  10  minutes,  catching  the  evolved  gas,  air,  and  steam  in  ammoniacal 
cadium  chloride  solution.  The  usual  yellow  precipitate  of  cadmium  sulphide 
shows  the  presence  of  sulphides  in  the  alloy.  Wash  the  cadnoium  chloride  sola- 
tion  from  the  bulbs,  then  cool,  acidify  with  hydrochloric  add,  and  titrate  at 
once  against  a  weak  iodine  solution  (1  c.  a =0.0005  g.  sulphur),  using  starcb 
as  an  indicator.  The  iodine  solution  is  standardized  by  using  a  Gk>vemmeDt 
standard  steel  of  known  solpbur  content,  or  by  using  a  ferrotnngaten  of  known 
sulphur  content. 

Boiling  with  dilute  hydrochloric  acid  dees  not  dissolve  the  alloy,  but  does 
decompose  ttie  sulphides-  present,  as  may  be  shown  by  filtering  off  the  contents 
of  the  evolution  fiask  after  the  operation  and  examining  for  sulphur  by  a  furion 
method  or  by  a  combustian  method. 

DETBRMINATION  OF  PHOSPHORUa. 

The  removal  of  phosphorus  from  the  alkaline  liquor  after  a  fusion  decompo- 
sition of  ferrotungsten  presents  certain  dlfllculties.     Precipitation  with  mag- 
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nesia  mixture  from  dilute  solutions  is  incomplete  unless  much  time  is  allowed 
for  this  step,  also  precipitation  from  concentrated  solutions  either  as  mag- 
nesium ammonium  phosphate  or  as  aluminium  phosphate  tends  to  drag  down 
some  tungsten,  involving  another  step  for  its  removal.  To  avoid  these  diffi- 
culties we  have  introduced  the  use  of  uranium  acetate  at  this  stage.  The 
precipitation  is  quantitative  from  moderately  dilute  solutions  and  no  drag- 
ging down  of  tungsten  occurs.  The  details  of  procedure  described  in  the 
following  paragraphs  are  the  result  of  considerable  research  and  embody  the 
experience  of  xaany  hundreds  of  determinations  made  in  this  laboratory. 

Weigh  1  gram  sample  into  a  nickel  crucible  containing  6  to  8  grams  c.  p. 
I^a«Oa.  Mix  thoroughly  and  cover  with  .about  1  gram  of  c,  p.  NajCO*.  Ignite 
In  a  muffle  to  complete  fusion  of  the  fluxes.  Cool  and  leach  out  carefully  with 
"Warm  water  in  a  250-c.  c.  covered  beaker.  Remove  crucible  and  partly  neutral- 
ize the  NaOH  with  25  c.  c.  HCl  (1-S)  to  permit  filtering  without  dilution.  Stir 
and  then  allow  the  dense  Fe(OH)t  to  settle  out  while  standing  on  a  warm 
plate. 

Decant  through  a  12i-cm.  qualitative  paper  into  a  60Q-C.  c.  beaker.  Wash 
precipitate  into  the  filter,  allow  it  to  drain  thoroughly,  then  give  it  two  good 
washes  with  hot  water,  stirring  up  the  precipitate  well  with  a  fine  Jet.  Reserve 
this  precipitate  of  FE(OH)s,  which  contains  a  small  amount  of  phosphorus,  to 
add  to  the  uranium  precipitate  obtained  from  the  tungsten  solution. 

Acidify  the  filtrate  of  sodium  tungstate  and  sodium  phosphate  with  acetic 
acid,  using  30  c.  c.  of  40  per  cent  acetic.  Add  2  c.  c.  of  5  per  cent  uranium 
acetate  solution.  Boll  off  all  COa.  Make  Just  alkaline  with  NH4OH  (1-1). 
This  will  require  about  20  c.  c.  The  precipitate  is  ammonium  uranyl  phosphate. 
Add  2  c.  c.  more  uranium  acetate,  which  precipitates  at  once  as  uranium 
hydroxide  and  serves  to  drag  down  the  last  traces  of  phosphate  as  well  as  to 
assist  in  filtering  the  ammonium  uranyl  phosphate.  Boll  off  any  large  excess 
of  NH4OH.  Filter  through  a  qualitative  paper  and  wash  twice  with  hot  water 
to  remove  tungsten.  Place  the  precipitate  In  the  same  beaker  with  the  iron 
precipitate  obtained  above,  add  30  c.  c.  water  and  25  c.  c.  strong  nitric  acid. 
Boll  until  both  precipitates  are  in  solution  and  the  filters  reduced  to  pulp. 
Filter  into  a  500-c.  c.  Erlenmeyer  flask,  washing  the  pulp  once  with  hot  water. 
Add  5  c.  c.  of  5  per  cent  KMnOt  solution  to  acid  filtrate.  Boil  to  oxidize  all 
phosphorus  to  B4PO4.  Clear  of  MnOi  by  adding  2  c.  c.  HiOs  (1-1).  Boil  to  re- 
move excess  HaOa  and  cool  under  the  tap.  Add  45  c.  c.  NH4OH  (1-1),.  which 
•will  nearly  neutralize  the  nitric  acid,  then  50  c.  c.  of  molybdate  solution.  Stop- 
per the  flask  and  shake  for  five  minutes,  and  let  stand  at  least  15  minutes  before 
Altering.  Filter  through  a  9-em.  filter.  Wash  with  acid  ammonium  sulphate, 
wash  solution  to  remove  all  nitromolybdate. 

Dissolve  the  yellow  phosphomolybdate  in  hot  dilute  ammonia  water,  which 
must  be  free  from  chlorides,  into  the  same  Erlenmeyer  flask.  Wash  the  paper 
well  with  alternate  washes  of  ammonia  water  and  hot  water.  When  cool, 
acidify  with  5  c.  c.  of  HaSO*  (1-1)  and  pass  through  the  redactor,  following 
with  a  thorough  wash  of  cold  water.  Titrate  against  standard  KMnO«  solution 
to  the  same  end  point  as  used  in  determining  the  reductor  blank. 

The  iron  value  of  the  standard  permanganate  solution  times  0.0163  equals  the 
P.  value  ♦  ♦  ♦.  The  ammonium  sulphate  wash  solution  must  be  distinctly 
acid.    A  good  formula  is: 

H,S04  (1-1),  100  c.  c;  NH«OH  (1-1),  60  c.  c;  water,  2  liters. 

If  convenient,  it  Is  well  to  allow  the  precipitate  of  yellow  phoc^homolybdate 
to  stand  about  1  hour  after  shaking  for  2  minutes. 
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A  blank  on  all  reagents,  Including  a  fusion  of  Na«Ot  and  NasCKV  sbonld  be 
carried  through  with  the  determinations.  It  is  sometimeB  desirable  to  add  a 
measured  quantity  of  dilute  phosphate  solution  of  known  F.  content  to  tbe 
blank  for  close  work. 

Checks  should  agree  within  0.016  per  cent  P. 

The  calculation  of  the  P.  factor  is  described  by  Lord  and  Demo- 
rest.^^  The  composition  of  ammonium  phosphomolybdate  is  ex- 
pressed  by  the  formula  (NH4)8P04.12Mo08,  which  shows  that  1  P. 
is  equivalent  to  12  Mo,  or  36  Fe. 

Much  has  been  written  and  m&nj  discussions  have  taken  place  in 
the  past  concerning  the  state  of  reduction  of  a  molybdenum  solution 
when  passed  through  a  Jones  reductor.  This  controversy  has  been 
considered  in  detail  in  Randall's  ^^  article,  and  it  has  been  proved  con- 
clusively that  on  passing  through  the  reductor  the  molybdenum  is 
reduced  to  Mo^Og  or  MoijOig. 

The  factor  of  0.0163,  described  by  Lord  and  Demorest,  assumes  that 
the  MoOg  solution  is  reduced  to  MoiaOj,  rather  than  Mo^Oig,  ^  ^^' 
scribed  by  Kandall.  Therefore,  in  assuming  the  reduction  as  MojjOib, 
one  atom  of  P  equals  34  atoms  of  Fe,  whereas  in  using  Mo^jOig,  one 
atom  of  P  equals  36  atoms  of  Fe  or  12  atoms  of  Mo,  as  previously 
described,  thus  making  the  factor  0.0154  in  place  of  0.0163.  The  dif- 
ference, however,  that  would  result  from  using  the  factor  0.0154 
would  be  so  small  that  it  could,  for  ordinary  analysis,  be  neglected. 
Assuming  a  normal  permanganate  solution,  |his  difference  would 
for  1  c.  c.  amount  to  0.000058  gram  P ;  for  tenth  or  twentieth  normal, 
which  would  be  the  strength  most  likely  used,  this  figure  would  be 
correspondingly  diminished. 

This  uncertainty  as  to  the  reduction  factor,  etc.,  can  be  overcome 
if  the  permanganate  solution  is  standardized  against  a  standard  steel 
ore  or  pig  iron,  of  known  phosphorus  content,  which  should  be 
treated  by  the  method  used  in  the  regular  analysis. 

BTJYINO  OF  TTJITOSTEN  OBES. 

The  buying  specifications  of  tungsten  ores  have  been  summarized 

by  Young,**  as  follows : 

• 

It  is  unfortunate  that  the  buying  of  tungsten  ores  in  accordance  with  definite 
grades  and  specifications  has  not  been  standardized.  Changing  specifications 
and  uncertainty  respecting  the  marketability  of  tungsten  ores  and  concentrates 
have  made  it  difficult  for  some  producers  to  satisfy  themselves  that  tfyey  have 
received  a  fair  price  for  their  product.  Prices  are  made  on  the  basis  of  per  unit 
of  tungstic  acid  on  the  short  ton.     Scheellte  and  wolframite  are  recognised  as 

*>Lord,  N.  W.,  and  Demorest,  D.  J.,  Metallurgical  analytds,   4th  ed.,   1916,  p.  50. 

**  Randall,  D.  L.,  The  behavior  of  molybdlc  acid  in  the  dnc  reductor :  Am.  Jour.  Set** 
■er.  4,  vol.  24,  1007,  p.  313. 

•■  Young,  O.  J.,  The  tungsten  Industry  in  1918 :  Btig,  and  Mln.  Jour.,  vol.  107,  Jan.  ^^* 
1919,  p.  78. 
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^wo  important  types,  although  there  is  little  distinction  in  price  of  either  type 
where  the  accompanying  impurities  do  not  exceed  the  following  amounts: 
Sulphur,  not  over  0.1  per  cent ;  copper,  not  over  0.02  per  cent ;  tin,  not  over 
0.02  per  cent ;  phosphorus,  not  over  0.02  per  cent.  Ores  of  this  type  are  termed 
pure  or  high-grade  ores,  and  where  they  exceed  60  to  65  per  cent  WO»  or  over 
they  command  the  highest  prices.  The  scheelite  concentrate  and  ore  of  the 
Atolia  mine  are  in  a  separate  class  and  also  command  a  high  price.  All  other 
ores,  whether  scheelite,  wolframite,  or  otherwise,  are  classed  as  impure  ores, 
and  are  sold  at  various  prices,  depending  on  the  amount  and  kind  of  impurity 
as  well  as  upon  the  facilities  of  the  buyer  for  the  treatment  of  the  different 
kinds  of  ore. 

That  the  limits  given  are  not  universally  recognized  Is  shown  by  Charles 
Hardy's  classification,  which  places  the  maximum  percentage  of  impurity  for 
high-grade  ore  and  concentrate  at:  Tin,  0.05  per  cent;  copper,  0.05  per  cent; 
and  phosphorus,  0.04  per  cent.  All  ores  and  concentrates  exceeding  these 
amounts  of  impurity  are  called  off-grade  ores.  Other  firms  have  specifications 
which  make  no  use  of  the  terms  high-grade,  off-grade,  or  impure,  but  merely 
specify  the  lower  limit  of  tungstlc  add  and  the  upper  limit  of  certain  impuri- 
ties. The  highest-grade  wolframite  marketed  contains  70  per  cent  tungstlc 
acid,  traces  of  tin  and  copper,  and  manganese  under  1  per  cent.  Tungstlc  acid 
<rontent  ranges  from  10  to  72  per  cent,  although  there  is  recognized,  to  some 
•extent  at  least,  a  base  grade  containing  65  per  cent  tungstlc  acid.  In  some  cases 
a  60  per  cent  grade  is  named.  There  is  no  recognized  deduction  or  addition 
in  price  for  a  variation  in  tungstlc  acid  content  in  either  direction  from  the  base 
^ade.  Ores  with  impurities  may  contain  the  foUowng  range:  Sulphur,  up  to 
S  or  4  per  cent ;  tin,  up  to  10  per  cent ;  copper,  up  to  8  per  cent ;  i^osphorus,  up 
to  0.3  per  cent  Certain  foreign  ores  even  exceed  these  percentages,  as  the 
tungstlc  acid  content  may  reach  45  per  cent ;  copper,  6  per  cent ;  and  tin,  19 
per  cent.  Some  buyers  handle  only  scheelite,  others  wolframite,  and  still  others 
hoth  types.    There  is  need  for  a  clean-cut  classification. 

Hess,"  in  summing  up  the  quality  of  ore  demanded  by  users,  says: 

Most  of  the  processes  used  for  reducing  tungsten  from  its  ores  also  partly  or 
^w'holly  reduce  nearly  all  the  metallic  and  some  other  impurities  in  the  ores, 
and  these  impurities  are  carried  with  the  tungsten  into  the  steel  to  which  it  is 
Added.  For  such  use  iron  makes  no  dlfiference,  but  a  number  of  other  elements 
rare  not  wanted,  either  because,  like  copper  and  phosphorus,  they  are  detri- 
mental to  the  steel  or  because,  like  manganese,  if  they  are  wished  in  the  steel 
they  can  be  added  more  advantageously  in  some  other  way.  Objectionable  im- 
purities found  in  tungsten  ores  are  antimony,  arsenic,  bismuth,  copper,  lead, 
manganese,  nickel,  tin,  zinc,  phosphorus,  and  sulphur.  Few  of  these  occur  in 
large  quantity  in  ores  found  in  this  country.  Copper  Is  perhaps  the  commonest 
hurtful  impurity,  and  therefore  most  is  said  about  it,  but  ores  from  some  foreign 
countries  contain  nearly  all  the  impurities  mentioned.  During  the  early  part 
of  1916  tungsten  ores  were  so  eagerly  sought  that  nearly  all  oflfered  were  bought 
with  little  objection  to  impurities,  but  under  more  normal  conditions  consumers 
are  much  more  particular. 

The  wet  chemical  processes  give  more  opportunity  to  get  rid  of  most  im- 
purities than  the  electrolytic  process,  so  that  companies  using  wet  chemical 
processes  are,  as  a  rule,  though  not  uniformly,  least  particular  about  the  ores 
they  buy.    Two  of  the  firms  that  use  wet  chemical  processes  buy  tungsten  ores 

^  Uetm,  F.  L.,  Tungsten  minerals  and  deposits :  U.  S.  Qeol.  Survey  Bull.  652,  1917, 
p.  74. 
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almost  without  regard  to  the  impurities  present,  but  one  objects  to  more  than 
2  per  cent  copper,  and  both  buy  ores  containing  as  little  as  20  per  cent  Wd. 

Only  the  one  firm  mentioned  is  known  that  does  not  object  to  cc^per  in  any 
grade  of  ore.  Another  will  take  cupriferous  ore  if  the  content  of  WOs  is  suffi- 
ciently high.  The  others  either  will  not  take  copper-bearing  ore  when  other 
ores  are  to  be  obtained  or  set  limits  of  0.2  to  2  per  cent  copper  and  not  less 
than  50  per  c^it  WOs,  except  that  one  firm  will  take  ores  that  carry  5  per  cent 
or  more  copper,  for  such  a  percentage  will  pay  for  separation. 

Two  companies  take  ores  without  regard  to  inqsuritles  otiier  than  copper, 
provided  the  content  of  WOb  is  suffidoitly  high.  Most  of  the  companies  object 
to  tin,  sulphur,  phosphorus,  antimony,  arsenic,  bismuth,  lead,  and  zinc ;  two  of 
th^n. object  to  manganese;  and  one  to  nickel.  The  last  company  referred  to  set 
extreme  limits  of  0.25  per  cent  for  pho£^honis»  0.25  per  cent  for  nickel,  6  per 
cent  for  manganese,  and  a  trace  of  arsenic. 

QBE  SGHEOUUBB. 

A  typical  ore-schedule  sheet  follows : 

Table  8. — A  typical  ore-acheduie  sheet. 

[Schedule  of  prices  for  tungsten  ore  delivered  at  mill.  Subject  to  change  without 
notice.  No  sampling  and  aseaying  on  lota  oTer  $50  in  value.  In  effect  with  tungsten 
at  about  $18  per  unit,  f.  o.  b.  New  York.] 


Tungstic  add: 

2  per  cent. 

3  per  cent. 

4  per  cent. 

5  per  cent. 

6  per  cent. 

7  per  cent. 

8  per  cent., 

9  per  cent. 

10  per  cent 
U  per  cent 

12  per  cent 

13  per  cent 

14  per  cent 

15  per  cent 

16  per  cent 

17  per  cent 

18  per  cent 

19  per  cent 

20  per  cent 

21  per  cent 

22  per  cent 

23  per  cent 

24  per  cent 

25  per  cent 

26  per  cent 

27  per  cent 

28  per  cent 

29  per  cent 

30  per  cent 

31  per  cent 


Per 

Per 

pound. 

ton. 

Cents. 

12 

$4.80 

16 

9.00 

22 

17.60 

31 

31.00 

36 

43.20 

40 

56.00 

42 

43 

43.5 

44 

44.7 

45.2 

45.4 

45.6 

45.6 

46 

46.2 

46.3 

46.5 

46.6 

46.7 

46.8 

46.9 

47 

47 

47.1 

47.2 

47.2 

47.3 

47.4 


67.20 
77.40 
87.00 
96.80 
107.  40 
117.60 
127.20 
137.00 
146.00 
156.60 
166.40 
176.  20 
196.00 
195.80 
205.60 
215.  40 
225.20 
235.00 
244.  bO 
254.60 
264.40 
274.20 
284.00 
293.80 


Tungstio  acid— Continued. 

32percent 

83  per  cent 

34  per  cent 

35  per  cent 

36  per  cent 

37  per  cent 

38  per  cent 

39  per  cent 

40  per  cent 

41  per  cent 

42  per  cent 

43  per  cent 

44  per  cent 

45  per  cent 

46  per  cent 

47  per  cent 

48  per  cent 

49  per  cent 

50  per  cent 

51  per  cent 

52  per  cent 

53  per  cent 

54  per  cent 

55  per  cent 

56  per  cent 

57  per  cent 

58  per  cent 

59  per  cent 

60  per  cent 


CnU9, 
47.4 
47.4 
47.5 
47.6 
47.6 
47.6 
47.6 
47.7  1 
47.7  ' 
51.2  I 
62.5 
53.7  • 
&5     , 
56.1 
67.5  , 
58.7  I 
60 

61.2  , 
62.5  I 
63.7  I 
65      , 
66.5 
67.5 
67.5 
70 
71.6 
72.4 
73.7 
75 


3]L« 

m« 

333.9^ 
342.* 
352.60 
862.^0 
372.20 
382.00 

4aa2o 

441.00 
4«2.25 
4SiO0 
506.25 
529.00 
.^52.2» 
576.  flP 

6oa:} 

625. « 

650.06 

676.  ft) 

702.25 

729.00 

736. 00 

7S4.00 

812.25 

841.  OO 

870.00 

900.00 


PEODTTCTION  OF  TUNGSTEN  CONCENTRATES  IN  THE  BOXTLDEE 
DISTBICT,  IN  THE  UNITED  STATES,  AND  IN  THE  WOBLD. 


The  productioii  of  tungsten  concentrates  in  Colorado  has  been,  as 
shown  in  Table  9  below,  taken  from  the  Fifteenth  Biennial  Report 
of  the  Colorado  Bureau  of  Mines,  1917-18,  page  121 : 
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Tabus  0. — Tungsten  production  of  ColoradQ. 


Tons. 


900. 
901. 
902. 
903. 
904. 
905. 
90S. 
1907. 
908. 

909. 
910. 
911. 
912. 
913. 
914. 
915. 
916. 
917. 
918. 


Hi^-grade  ore,  63  per  oent  WOt 

Hlgh-^ade  ore  ana  concentrates  averaging  65  per  cent  WOt 

Ores  and  oonoentrates 

Mainly  concentrates 

Ores  and  concentrates  averasing  55  per  cent  WOs 

ICainly  concentrates...  k 

Mainly  concentrates 

Mainly  concentrates 

Hi^i-grade  ore 180 

Concentrates 407 

Production  on  basis  of  60  per  cent  WOi 

Production  on  basis  of  60  per  cent  WOi 

Production  on  basis  of  60  per  cent  W0| 

Production  on  basis  of  60  per  cent  WOi 

Production  on  basisof  60  per  cent  WOt 

Production  on  basis  of  60  per  cent  WOj 

Reduction  on  bosia  of  60  per  cent  WOs 

Production  on  basis  of  60  per  cent  WOi 

^oduotiononba8lsof60peroentWOi 

Production  on  basis  of  60  per  cent  W Oi 


} 


40 

65 
166 
243 
375 
642 
789 
1,146 

587 


1,221 

730 

775 

053 

630 

QQO 

2,401 

2,707 

1,910 


Price  per 
unit. 


11.30 
2.25 
2L60 
2.50 
5.50 
6.00 
6i54 
8.83 


Total 
value. 


85.00-0.00 
6.50-  8.50 
4. 50- &  50 
5.60-7.60 
7.50 
5.85-9.00 
5.6(M5.00 
34.15 

aoioo 

16.00 


13,816 

8,875 

34,900 

36,317 

125,000 

231, 1» 

309,606 

573,643 

164,220 

891,160 

553,100 

261,498 

293,611 

42&726 

2^000 

l,668w64D 

4,919,649 

3,248,400 

1,833,600 


Nearly  all  of  Colorado's  production  was  from  the  Boulder  dis- 
trict. It  was  in  1898  that  wolfram  ores  were  first  reported  found 
at  various  places  in  Colorado,  but  no  shipments  were  made.**  The 
first  shipment  reported  from  Colorado  was  in  1899,  when  Pouiot 
and  Voilleque  mined  3  tons  of  ore;  the  location,  however,  was  not 
given.*' 

In  the  following  discussion  concerning  production,  all  calculations 
are  based  on  short  tons  containing  60  per  cent  WO3  unless  other- 
wise stated.  Statistics  and  questions  concerning  the  quantities  pro- 
duced in  the  United  States  by  districts  and  States,  world  production 
^y  countries,  imports  and  exports,  uses,  prices,  mining  conditions, 
etc.,  of  tungsten  are  found  in  "Mineral  Resources  of  the  United 
States,"  published  annually  by  the  United  States  Geological  Survey ; 
also  in  "  The  Mineral  Industry,"  published  annually  by  the  McGraw- 
Hill  Co.,  of  New  York.  Besides  these  two  principal  sources  of  infor- 
mation, reports  from  the  State  bureaus  of  mines  or  mining  bureaus 
and  the  current  technical  journals  furnish  data. 

In  1900  the  first  important  shipments  of  tungsten  concentrates 
were  made,  and  since  then  Colorado  has  ranked  as  the  chief  pro- 
ducing State. 

BOTTLDEB    COUNTY   PBODTTCTIOK   FOB  PEBEOD    1914r-1919,   AS 

COMPABED  TO  THAT  OF  CALIFOBKIA. 

A^ccording  to  Mineral  Resources  for  1914,  the  production  of  the 
Atolia  field  in  the  Mojave  Desert,  Calif.,  for  that  year  exceeded  that 
of  Boulder  County,  Colo.,  for  the  first  time.  It  was  claimed  that 
Boulder  County  produced  467  tons  out  of  the  country's  total  produc- 

*•  The  Mineral  Industry.  1898,  vol.  7,  p.  719. 
"The  Mineral  Induitry,  1S99,  vol,  8,  p.  632. 
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tion  of  990  tons.  The  table  as  given  above  for  Colorado's  production 
represents  630  tons  produced  in  Colorado  for  1914,  which  practically 
all  came  from  the  Boulder  field. 

In  1915  Colorado's  production,  963  tons,  was  practically  equal  to 
the  production  of  California,  962  tons ;  also,  according  to  Hess,  the 
total  production  of  the  United  States  for  1915  was  2,332  tons.** 

The  production  of  tungsten  ores  in  the  United  States  for  1916  was 
the  largest  ever  made  by  any  country  in  the  world,  the  amount  being 
6,923  tons,  valued  at  $12,074,000 ;  Colorado  again  exceeded  California, 
producing  2,401  tons  against  California's  2,171  tons.*'' 

As  Mineral  Resources  for  1917  was  not  available  when  this  report 
was  written,  the  data  for  1917  has  been  taken  from  the  Mineral 
Industry,  1917,  vol.  26,  p.  699.  California  is  given  as  the  largest 
tungsten-producing  State;  in  fact,  as  the  largest  scheelite  producer 
of  the  world.  Production  for  1917  is  given  as  2,250  tons  against  2^^ 
tons  for  Colorado.  The  United  States-  produced  6,313  short  tons. 
According  to  the  tungsten  production  table  of  Colorado,  as  given 
above,  Colorado  produced  in  1917,  2,707  tons ;  and,  according  to  the 
report  of  the  California  State  Mining  Bureau,  2,458  tons  were  pro- 
duced in  California." 

The  production  of  tungsten  ores  in  the  United  States  for  1918,  as 
given  by  Hess,'®  was  less  than  that  of  the  preceding  two  years,  and 
was  6,065  short  tons  of  concentrates,  carrying  60  per  cent  tungai?!' 
trioxide.  The  largest  producing  State  was  Colorado,  with  15^ 
tons  of  ferberite.  California  produced  1,781  tons  of  scheelite,  anJ 
Nevada  885  tons  of  scheelite.  According  to  the  California  iStato 
Mining  Bureau,  under  date  of  August  13, 1919,  the  production  of  con- 
centrates in  1918  was  1,982  tons. 

The  production  for  1919  for  the  Boulder  district  can  be  but  roughly 
estimated,  for  during  the  early  part  of  the  year,  after  the  price  of 
tungsten  dropped  to  around  $13  a  unit,  practically  all  the  mills  closed, 
and  some  went  completely  out  of  business.  The  two  largest  pro- 
ducers, the  Wolf  Tongue  and  the  Primos,  closed  their  mills  com- 
pletely about  March.  The  probable  production  for  1919  has  been 
placed  at  500  tons  of  concentrates.  Production  in  August,  1^1^' 
was  practically  at  a  complete  standstill,  as  tungsten  concentrates  (60 
per  cent  WO3)  were  selling  at  $7  to  $10  a  unit.  The  only  mill  found 
in  operation  during  a  brief  visit  by  the  writers  in  August,  1919,  was 
the  Vasco  at  Tungsten,  Colo.,  which  was  producing  about  20  tons  of 
tungsten  concentrates  per  month.    The  Red  Sign  mill  at  Ferberite 

*  Hess,  F.  L.,  Tungsten :  Mineral  Rosourcos  of  the  TTnltert  States,  1915,  p.  823. 
«»  Hess,  P.  L.,  Tungsten  :  Mineral  Resources  of  the  United  States.  1916,  p.  789. 
^Tun^ten,  molybdenum,  and  vanadium.  Report  Xo.  4,  March,  1918,  p.  9. 
»  rioss,  F.  L.,  Tungsten  ore  production  in  1918 ;  Eng.  and  Mln.  Jour.,  vol.  107,  Feb.  8, 
1910,  p.  286. 
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liad  been  completely  dismantled  and  the  equipment  moved  out  of 
the  district. 

The  two  largest  producing  mines  of  California — ^the  Atolia  and  the 
Ximgsten  Mines  Co. — closed  down  in  March,  1919,  and  September, 
1919,  respectively.  The  mines  in  the  Nevada  field  closed  down  after 
operating  only  a  few  months. 

The  summary  of  the  tungsten  market  situation  in  1919  ®°  and  the 
tungsten  mining  industry  in  1919"  has  been  given  in  the  annual 
review  number  of  the  Engineering  and  Mining  Journal. 

Little  tungsten  ore  was  produced  in  the  United  States  in  1919,  and 
a  vast  stock  accumulated  principally  from  the  Far  East  that  sold  for 
around  $7  a  unit,  which  caused  the  American  mines  to  close. 

Figures,  as  given  in  the  Mineral  Resources,  give  production  for 
California  and  Colorado  in  1919  at  277  short  tons  of  60  per  cent 
WO3  concentrates  valued  at  $323,799. 


FBGPXTCTIOll^  OF  TUNGHSTEN  OiLES  llSl  THE  UNITED  STATES. 

The  production  of  tungsten  ores  in  the  United  States  has  been,  as 
shown  in  Table  10,  taken  from  Mineral  Kesources.^^ 

Production  has  been  recorded  by  Mineral  Resources,  United  States 
Geological  Survey,  only  since  1900.  Before  that  time  it  was  in- 
significant. In  1897  there  was  no  production  of  tungsten  ores  in  the 
United  States ;  the  demands  did  not  exceed  70  to  80  tons  per  annimi." 
The-  amounts  produced  in  1898  and  1899  were  negligible. 

TABLE  10. — Concentrated  ttmffsten  ores  produced  in  the  United  States, 

W00-U)19. 


Year. 


1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 


!  Quantity 

1 

(short 

Value. 

tons). 

1 

1 

46 

$11,040 

179 

27,720 

184 

34,040 

292 

43,639 

740 

181,000 

803 

268,676 

928 

348,867 

1,040 

890,048 

671 

229,956 

1,619 

614,370  , 

1910. 

1911. 

1912. 

1913. 

1914. 

1915. 

1916. 

1917, 

1918 

1919 


Quantity* 
(short 

tons). 


1,821 
1,139 
1,330 
1,537 

990 
2,332 
6,923 
6,144 
5,061 

327 


Value. 


$832,992 

407,986 

602,158 

672, 118 

436,000 

4,100,000 

12,074,000 

6,783,000 

7,049,300 

363,900 


The  production  of  tungsten  ores  in  this  country  from  jear  to  year 
can  be  fairly  compared  in  the  table  only  since  and  beginning  with 

*^  Hardy,  Charles,  The  timgBten  market  situation  In  1919 :  Kng.  and  Min.  Jour.,  ▼ol.  109, 
No.  3,  Jan.  IT,  1920,  p.  210. 

"  Young,  George  J.,  The  tungsten  mining  Industry  In  1919  :  Eng.  and  Min.  Jour.,  vol.  109, 
NO.  3,  Jan.  17,  1920,  p.  211. 

■2  Iless,  F.  L.,  Tungsten :  Mineral  Ke.soiirces  of  the  United  States,  1916,  p.  789. 

»  Mineral  Industry,  1897,  vol.  6,  p.  651. 
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1906,  as  before  that  date  no  effort  was  made  to  reduce  the  ores  to  a 
common  basis  of  tungsten  content.  Since  1906  the  ores  have  been, 
as  far  as  possible,  reduced  to  an  equivalent  of  ore  carrying  60  per 
cent  of  tungsten  trioxide  (WOj),  which  is  the  ordinary  commercial 
basis  in  the  United  States. 

According  to  Frank  L.  Hess,^*  not  since  1902  has  the  United  Statej? 
produced  so  small  a  quantity  of  tungsten  concentrates  as  in  192)). 
The  Wolf  Tongue  Mining  Co.  and  the  Vasco  Mining  Co.,  of  Boulder, 
Colo.,  were  the  only  American  tungsten  mines.  They  produced  an 
equivalent  of  216  short  tons  of  ferberite  ore  carrying  60  per  cent 
tungsten  trioxide  (WO,).  The  large  stock  of  tungsten  ores  on  hand 
carried  over  from  1919,  and  the  continued  importation  of  tungsten 
ores  from  China  and  South  America,  coupled  with  the  low  price  a 
unit,  between  $7  and  $3  for  60  per  cent  grade,  kept  the  AmericAn 
producing  mines  closed.  The  prices  for  1920  and  continuing  ic 
1921,  at  $3  a  unit,  have  never  been  so  low  in  the  entire  history  of  the 
tungsten  industry,  except  previous  to  1904,  as  shown  in  Table  Vk 

COST  OF  PBODUCTIOK  IN  BOinj>EB  COJUXTT  BISTBIGT. 

Before  the  war  the  average  cost  of  production  for  the  Boulder 
district  had  been  conservatively  placed  at  $11  to  $12  a  unit.     In  some 
of  the  small  mills  treating  low-grade  ore  the  cost  had  exceeded  these 
figures.    In  April,  1916,  tungsten  ore  sold  at  $75  to  $85  a  imit  in 
New  York.    In  May,  1916,  the  price  dropped  to  a  nominal  quotaJli^oTi 
of  $40  a  unit.    In  September,  1916,  tungsten  ore  could  be  freely  pur 
chased  for  about  $17  a  unit.    During  the  fall  of  1916— when  tungsten 
was  selling  for  that  price — several  of  the  smaller  tungsten  mills  in 
the  district  closed  down,  and  it  was  stated  then  that  the  marginal 
profits  were  too  small  and  would  not  warrant  continuing  operations. 
The  largest  producers,  however,  continued  work,  for,  beginning  with 
the  summer  of  1917  and  to  the  signing  of  the  armistice  in  November. 
1918,   the  market   for  tungsten   ore   remained   practically  steady, 
around  $20  a  unit,  enough  to  warrant  a  fair  margin  of  profit. 

Mining  conditions  have  considerably  changed  from  what  they  were 
in  1916  and  1917.  Then  the  ore  as  soon  as  it  was  discovered,  was 
gutted  out;  practically  all  the  easily  accessible  ore  in  sight  wasj| 
quickly  mined  and  very  little  systematic  development  was  don^. 
Now,  the  situation  at  the  mines  is  different ;  with  no  easily  accessibh, 
ore  in  sight,  considerable  new  development  and  opening  of  new  on 
bodies  must  be  done,  and  consequently  this,  coupled  with  the  iir*^- 
creased  salaries  demanded  by  the  miners,  has  greatly  raised  the  ccisT^ 
of  production.  f  ' 

••  ncRS.  F.  L..  Tungsten  In  1920 :  Chem.  and  Met.  Eng.,  vol.  24,  No.  17,  Apr.  27,  l/ 
p.  767.  .     ^ 

\ 
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^hen  tungsten  dropped  to  around  $13  a  unit  in  the  ^ring  of  1919, 
ctically  all  the  mills  closed;  some  went  completely  put  of  busi- 
3  and  moved  their  equipment  out  of  the  district.  In  August, 
9,  only  one  mill  was  in  operation — ^the  Vasco  mill  at  Tungsten, 
o.  This  mill  was  working  on  high-grade  ore  one  shift  a  day, 
ploying  four  men.  The  company  claimed  it  was  running  simply 
maintain  the  mill  in  good  condition. 

.^rom  the  facts  given  above,  and  from  the  opinion  of  the  tungsten 
)ducers  of  the  district,  it  can  be  safely  said  that  the  average  cost 
production  under  conditions  existing  when  this  report  was  written 
about  $17  per  imit. 

WORLD'S  PBODUCTION  OF  TUNGSTEN  OBE. 

Table  11  summarizes  the  total  production  of  tungsten  ore,  1905 
1916,  according  to  Hess.'"    For  the  detailed  productions  in  the 
fFerent  countries  the  reader  is  referred  to  Mineral  Resources  or 
ineral  Industry. 

Table  11. — World's  prodfiotion  of  tungsten  ore, 

Istimated  as  far  as  possible  In  short  tons  of  concentrate  containing  60  per  cent  tunfc- 

sten  trioxide.] 


ite.  Tons. 

35* 4, 026 

0G« 4, 367 

K)7 6, 137 

K)8 4. 118 

K)9 5,  774 

)10 7, 570 

)11 7,  517 

>12 9,  710 

«  Mineral  Resources  for  1914,  p.  9:J8. 


Date.  Tont. 

1913 8, 864 

1914 7, 813 

1915 11, 840 

1916 23, 360 

1917 25, 523 

1918 31, 865 

1919 12, 000 


During  the  period  shown  the  United  States  was  the  chief  producer, 
xcepting  in  1912,  1913,  1914,  and  1915,  when  Burma  and  the  Shan 
states  were  the  chief  producers. 

CHINA  AS  A  PRODUCER  Or  TUNGSTEN  ORE. 

As  regards  tungsten  production  in  China,*'  Hess  '^  has  said : 

The  present  largest  producer  outside  of  the  United  States  Is  China.  Tungsten 
»res  were  found  in  China  in  1917 — that  is,  the  first  production  that  amounted 

»Mlnepal  Resources  for  1916,  p.  797. 

» Kappel,  H.,  Chinese  tnngBten  and  the  American  market :  Bng.  and  Mln.  Jotir.,  vol. 
,11,  No.  7,  1921,  p.  308. 

<^  Hess,  F.  L.,  Tungrsten  prodnction  analysed :  Jour.  Am.  Min.  Congress,  July,  1019, 
).    231. 
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1906,  as  before  that  date  no  effort  was  made  to  reduce  the  ores  to  a 
common  basis  of  tungsten  content.  Since  1906  the  ores  have  been/ 
as  far  as  possible,  reduced  to  an  equivalent  of  ore  carrying  60  per 
cent  of  tungsten  trioxide  (WOs),  which  is  the  ordinary  commercial 
basis  in  the  United  States. 

According  to  Frank  L.  Hess,^^  not  since  1902  has  the  United  States 
produced  so  small  a  quantity  of  tungsten  concentrates  as  in  1920. 
The  Wolf  Tongue  Mining  Co.  and  the  Vasco  Mining  Co.,  of  Boulder, 
Colo.,  were  the  only  American  tungsten  mines.  They  produced  an 
equivalent  of  216  short  tons  of  ferberite  ore  carrying  60  per  cent 
tungsten  trioxide  ( WOg) .  The  large  stock  of  tungsten  ores  on  hand 
carried  over  from  1919,  and  the  continued  importation  of  tungsten 
ores  from  China  and  South  America,  coupled  with  the  low  price  a 
unit,  between  $7  and  $3  for  60  per  cent  grade,  kept  the  American 
producing  mines  closed.  The  prices  for  1920  and  continuing  in 
1921,  at  $3  a  unit,  have  never  been  so  low  in  the  entire  history  of  the 
tungsten  industry,  except  previous  to  1904,  as  shown  in  Table  10. 

COST  OF  PBOBTTCTIOK  IN  BOXTLDEB  COTSIXTT  BISTBICT. 

Before  the  war  the  average  cost  of  production  for  the  Boulder 
district  had  been  conservatively  placed  at  $11  to  $12  a  tmit.  In  some 
of  the  small  mills  treating  low-grade  ore  the  cost  had  exceeded  these 
figures.  In  April,  1916,  tungsten  ore  sold  at  $75  to  $85  a  unit  in 
New  York.  In  May,  1916,  the  price  dropped  to  a  nominal  quotation 
of  $40  a  unit.  In  September,  1916,  tungsten  ore  could  be  freely  pur- 
chased for  about  $17  a  unit.  During  the  fall  of  1916— when  tungsten 
was  selling  for  that  price — several  of  the  smaller  tungsten  mills  in 
the  district  closed  down,  and  it  was  stated  then  that  the  marginal 
profits  were  too  small  and  would  not  warrant  continuing  operations. 
The  largest  producers,  however,  continued  work,  for,  beginning  with 
the  summer  of  1917  and  to  the  signing  of  the  armistice  in  November, 
1918,  the  market  for  tungsten  ore  remained  practically  steady, 
around  $20  a  unit,  enough  to  warrant  a  fair  margin  of  profit. 

Mining  conditions  have  considerably  changed  from  what  they  were 
in  1916  and  1917.  Then  the  ore  as  soon  as  it  was  discovered,  was 
gutted  out;  practically  all  the  easily  accessible  ore  in  sight  was 
quickly  mined  and  very  little  systematic  development  was  done. 
Now,  the  situation  at  the  mines  is  different ;  with  no  easily  accessible 
ore  in  sight,  considerable  new  development  and  opening  of  new  ore 
bodies  must  be  done,  and  consequently  this,  coupled  with  the  in- 
creased salaries  demanded  by  the  miners,  has  greatly  raised  the  co-st 
of  production. 


»*Hes8.  F.  L.,  TungMpn  !n  1920:  Chom.  and  Met.  Eng.,  vol.  24.  No.  17.  Apr.  27,  IJ»21. 
p.  757. 
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When  tungsten  dropped  to  around  $13  a  unit  in  the  spring  of  1919, 
practically  all  the  mills  closed;  some  went  completely  put  of  busi- 
ness and  moved  their  equipment  out  of  the  district.  In  August, 
1919,  only  one  mill  was  in  operation — ^the  Vasco  mill  at  Tungsten, 
Colo.  This  mill  was  working  on  high-grade  ore  one  shift  a  day, 
employing  four  men.*  The  company  claimed  it  was  running  simply 
to  maintain  the  mill  in  good  condition. 

From  the  facts  given  above,  and  from  the  opinion  of  the  tungsten 
producers  of  the  district,  it  can  be  safely  said  that  the  average  cost 
of  production  under  conditions  existing  when  this  report  was  written 
is  about  $17  per  unit. 

WORLD'S  PBODUCnON  OF  TXTNGSTENT  OBE. 

Table  11  sununarizes  the  total  production  of  tungsten  ore,  1905 
to  1916,  according  to  Hesa'"  For  the  detailed  productions  in  the 
different  countries  the  reader  is  referred  to  Mineral  Resources  or 
Mineral  Industry. 

Table  11. — \Vorld*s  prodwftion  of  tungsten  ore. 

(Estimated  as  far  as  possible  in  short  toDS  of  concentrate  containing  GO  per  cent  tung- 
sten trloxide.] 

Date.  T6n«. 

1913 8, 804 

1914 7, 813 

1915 11, 840 

1916 23, 360 

1917 25, 523 

1918 31. 865 

1919 12, 000 


l>ate.  Tons. 

1905O 4, 026 

1<906» 4, 367 

1807 0, 137 

2908— 4. 118 

1909 5,  774 

1910 7, 570 

1911 7.  517 

1912 9,  710 

•  Mineral  Resources  for  1014,  p.  0:i8. 

During  the  period  shown  the  United  States  was  the  chief  producer, 
excepting  in  1912,  1913,  1914,  and  1915,  when  Burma  and  the  Shan 
States  were  the  chief  producers. 

CHINA  AS  A  PRODUCER  OF  TUNGSTEN  ORE. 

As  regards  tungsten  production  in  China,*'  Hess  *^  has  said : 

The  present  largest  producer  outside  of  the  United  States  Is  China.  Tunpsten 
ores  were  found  in  China  in  1917— that  is,  the  first  production  that  amounted 

» Mineral  Resources  for  1016,  p.  797. 

**  Kappel,  H.,  Chinese  tnngsten  and  the  American  market :  Bng.  and  Mln.  Jour.,  vol. 
Ill,  No.  7,  1921,  p.  308. 

^  Hess,  F.  L.,  Tungsten  production  analyzed :  Jour.  Am.  Min.  Congress,  July,  10 it), 
p.    231. 
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to  anything.  Tbey  produced  about  1,500  tons  of  ore.  In  1918  th^  shipped 
something  like  10,500  tons.  The  ore  is  found  as  placer  stuff,  where  the  veins 
have  worn  down  so  the  material  in  the  veins  has  heen  washed  away,  leaving 
this  wolframite  in  the  dirt  and  stream  beds.  There  is  going  to  be  a  lot  of  ore 
coming  from  China  because  they  have  gotten  down  to  mining  the  veins. 


BOUVIA  AND  FOSTUGAIi  AS  PBODUGEBS. 

Bolivia  produced  in  1916,  3,624  tons,  and,  according  to  Hess,'"  is 
perhaps  the  third  largest  producer  at  the  present  time.  Portu^l  is 
the  largest  producer  in  Europe. 

UNITED  STATES  IMPOBTS,  EXPOBTS,  AND  OOHSUMPTIOH. 

IMPOBTS  OF  TUNGSTEN  QBE,  TUNGSTEN  METAL.   AND  FEBBO- 

TUNGSTEN. 

Table  12  represents  only  in  a  brief  form  the  value  of  the  im- 
ports of  tungsten  ores,  tungsten,  and  f  errotungsten  in  tius>  country 
from  1902  to  1916;  for  detailed  figures  assigned  to  countries,  etc., 
the  reader  is  referred  to  the  original  tables  given  under  the  section 
"  Tungsten  "  in  Mineral  Resources,  or  to  figures  compiled  by  the 
Division  of  Statistics  of  the  Bureau  6f  Foreign  and  Domestic  Com- 
merce. 

Prior  to  1908  the  tungsten  imports  of  ore  into  this  country  were  in 
the  form  of  ferrotungsten  and  tungsten  metal  or  powder.  No  data 
has  been  given  for  the  figures  not  given  below. 

Table  12. — Imports  of  tungsten  ore,  tungsten  metal,  and  ferrotungsten. 


Yoar. 


Tons  of 

ore 
(short 
tons). 


1902 1  (o; 

1908 W 

1904 (o 

19a5 (« 

1906 '  (o 

1907 1  (o 

1908 (o 

1909 (a] 

1910 ■  852 

1911 294.5 

1912 824 

1913 401 

1914 299 

m.") 1,634 

1916 ,  4, 071 

1917 4,880 

191Srf ;bl0,362 

1919«i I  8,400 


$105,506 

344, 979 

368,618 

362,422 

213, 122 

139,687 

1,044,966 

7,353,691 

4,467,608 

11,409,237 

6,361,190 


Tons  of 

tonssten 

andferro- 

tungsten 

(long 

tons). 


ValoA. 


(«) 
f«] 

faj 

raj 

roj 

?aj 

(aj 

(•) 
528.0 
115.07 
288 
661 
195 
7.0 

38.0 
1.0 

(0 


I7,04A 
18,136 
29,489 
13,535 


I 


39,417 

48S 

98,205 

678,534 

143,802 

323,872 

835,212 

222,447 

9,588 

157,711 

3,6M 


a  Not  given.  • 

b  First  six  montbs  ended  June  30, 1918.  Total  imports  for  10  months  ended  Oct.  31,  1918,  were  7,001 
tons,  valued  at  17,536,875,  as  against  4,373  tons,  valued  at  13,594,961,  for  the  conesponding  period  ot  1917» 
aocxnding  to  the  Department  of  Commeroe. 

c  396, 460  pounds. 

d  From  Mineral  Industry,  vol.  28, 1919.    p.  689. 

»  Hesa,  F.  L.,  Work  cited,  p.  2S1. 


) 


IMPORTS,   EXPORTS,   AND  CONSUMPTION,  '  69 

The  imports  for  1920,  according  to  Hess,*®  were  equivalent  to 
about  2,111  short  tons  of  concentrates  carrying  60  per  cent  WO,. 
Besides  the  ore,  1,997,719  pounds  of  tungsten  and  ferrotungsten  were 
imported,  equivalent  to  about  2,260  short  tons  of  60  per  cent  ore. 
Hess  estimates  that  probably  more  than  a  three  years'  supply  is  on 
hand,  based  on  the  average  consumption  before  the  World  War. 

EXFOKTS. 

Before  the  war  very  little  was  exported ;  So  little,  in  fact,  that  the 
Government  published  no  separate  report.  A  few  published  figures 
concerning  exports  are  as  follows : 

The  exports  of  tungsten  metal  and  alloy  amoimted  to  2,323,811 
pounds,  valued  at  $4,122,653,  in  1917,  compared  with  574,321  pounds, 
valued  at  $1,352,631,  in  1916.**  Exports  for  1919  totaled  38,130 
pounds,  valued  at  $113,276,  as  compared  with  1,232,260  pounds, 
valued  at  $2,545,087,  in  1918. 

The  submarine  Deutschland^  on  her  second  trip  in  December,  1916, 
carried  back  to  Germany  65,125  pounds  of  tungsten  and  ferrotung- 
sten, valued  at  $137,812.*^ 

CONSUMPTION  OF  TUNGSTEN  DXTBING  1918. 

The  largest  consumption  of  tungsten  in  the  United  States  was 
during  the  year  1918,  as  recorded  by  the  Bureau  of  Mines.  The  fol- 
lowing excerpt  from  Reports  of  Mineral  Investigations  of  the  United 
States  Bureau  of  Mines,  Jime,  1919,  gives  in  detail  the  amount  of 
tungsten  corisumed.*^ 

Ten  million  pounds  of  tungsten  used  in  1918, — An  interesting  sammary  of 
tlie  consumption  of  tungsten  in  1918,  based  on  questionnaires  distributed  by 
the  Bureau  of  Mines,  shows  that  the  tungsten  used  in  the  making  of  tungsten 
powder,  ferro,  and  acid,  from  May  to  December,  1918,  amounted  to  about 
7,500,000  pounds,  from  which  it  is  estimated  that  the  total  tungsten  used  in 
such  products  for  the  calendar  year  of  1918  was  nearly  10,000,000  pounds,  and 
that  the  amount  of  tungsten  used  in  making  maUeable  products  during  the 
same  time  was  approximately  210,000  pounds.  The  quantity  of  high-speed  steel 
made  from  May  to  December,  1918,  was  nearly  30,000,000  pounds,  from  which 
It  is  estimated  that  the  total  weight  of  such  steel  in  the  year  was  somewhat  in 
excess  of  40,000,000  pounds ;  the  tungsten  content  was  properly  nearly  7,000,000 
pounds.  The  tungsten  steel  made  from  May  to  December,  1918,  was  in  excess 
of  45,500,000  pounds,  from  which  it  is  estimated  that  the  total  quantity  pro- 
duced in  1918  was  approximately  62,000,000  pounds.    The  amount  of  60  per  cent 

••  Heas,  F.  L.,  Tungsten  In  1920 :  Chem.  and  Met.  Eng.,  vol.  24,  No.  17,  Apr.  27,  1921, 
p.  757. 

*•  Pink,  C.  G.,  Mineral  Industry  for  1916,  vol.  25,  1917,  p.  722 ;  for  1917,  vol.  26,  1918,  p. 
699 ;  for  1919  and  1918,  vol.  28,  1920,  p.  689. 

«^  Hess,  F.  L.,  Nickel :  Mineral  Resources,  1916,  U.  S.  Geol.  Survey,  1919,  p.  788. 

*■  Mining  Cong.  Jour.,  vol.  6,  August  1919,  p.  270 ;  Chem.  and  Met,  Eng.,  vol.  21,  Aug. 
16.   1919,  p.  200. 
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concentrates  required  to  make  the  tungsten  powder,  ferro,  and  acid  used  In 
1918  was  approximately  13,000  tons,  assuming  that  1  ton  of  60  per  cent  con- 
centrates Is  reduced  to  760  pounds  of  contained  tungsten  In  ferro. 

The  total  consumption  of  tungsten  concentrates  in  the  United 
States  in  1919  amounted  to  approximately  7,500  short  tons.  Con- 
sumption for  1920  is  estimated  at  about  4,500  tons.^^ 

The  following  diagram  (PI.  XVIII)  of  tungsten  products  shows 
how  tungsten  is  utilized : 

^Mineral  Industry,  yol.  28,  1919,  p.  689. 
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